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FOREWORD

Chapter 15 is one of fifteen that comprise the literature
survey on armor-piercing steel projectiles. Under the general
editorship of C. W. Curtis, the survey has been prepared in part

by personnel of the Lehigh University Institute of Research and
in part by personnel of Frankford Arsenal. This chapter was
written by personnel of Lehigh University and revised by person-
nel of Frankford Arsenal.

Chapters published are as follows.

Chapter 1, Frankford Arsenal Report R-901, Feb 1951 (Secret)
OThe Problem of Armor Piercing Projectile Design:
Its Principal Divisions and Important Phases,"
by C. W. Curtis

Chapter 2, Frankford Arsenal Report R-902, Feb 1951 (Secret)
"Mechanism of Armor Penetration," by R. B. Sawyer

Chapter 3, Frankford Arsenal Report R-903, Feb 1951 (Secret)
"Perforation Limits for Ncndeforming Projectiles,"
by C. W. Curtis

Chapter 7, Frankford Arsenal Report R-907, May 1952 (Secret)F
"Mechanism of Cap," by R. J. Emrich and F. E. Myers

Chapter 11, Frankford Arsenal Report R-911, Aug 1952 (Confidential)
"Control of Metallurgical Properties," by J. H. Gross *1
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Chapter 15 Accepta~nce Tests

See 15.1 - Choice of Tests a~nd Test Conditions

Sec 15.2 - Proof Firing for Acceptance of Armor

See 15.3 - Nonbal1istic Tests of Armor

A e 54- Proof Firing of AP Projectiles4

See 15.5 -Nonbal1istic Tests of AP Projectiles

Appendix A - Sample Specifications

Appendix B - Description of Types of Deformation and Definition
of Terms
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Chapter 15. Acceetjnce Tests

Before armor plates and projectiles are accepted for service
use, samples are customarily subjected to tests designed either
to measure ballistic quality or to assure that this quality ex-
ceeds minimum requirements. In addition to specifications of bal-
listic quality there also may be requirements on weldability, ma-
chineability, formability, magnetic properties, banding, marking,

packing, etc. The present chapter is not concerned with these
latter requirements, however, but deals only with tests related
to ballistic performance.

Ideally, tests for quality would be carried out by machines" which separate satisfactory from unsatisfactory pieces at various

stages of manufacture. 1) At present, however, automatic inspec-
tion represents a goal rather than an achievement. Although there
has been considerable progress in the development of nonballistic
tests and such tests are often used for special purposes or to ob-
tain supplementary information, the direct ballistic test as the
basic method of acceptance has not been replaced.

The obvious advantage of the ballistic test, and the reason
it has been retained as the basic method of assessment, is that
it closely simulates service conditigns. To be weighed against
this feature are many disadvantages,(2,3) such as the following. 4w

(a) Comparatively speaking, ballistic testing is a cumber-
some process. It requires special equipment and usually must be
carried out at a proving ground under the supervision of a trained
staff. The resulting cost is high.

(b). Because materials must be shipped to the proving ground,
a time lag between the completion of production and the completion
of the test may hold up further fabrication or immediate shipment
to combat areas.

( )For one type of small arms projectile, such a machine has actu-
ally been built and used. (However this represents an isolated
case rather than general practice.J See report by W. N. Hindley,
"Quality Control of SAAP Bullet Cores," Armament Research Depart-
ment (British) MET 9/45 (Feb 1945).

(2)H. H. Zornig, N. A. Matthews, and C. Zener, "Armor Plate Ballistic
Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944).

(3)":nvestigation into the Possibility of Replacing Plate Proofs of 4,
Shot by Laboratory Tests," British Ordnance Board Proceedings
19,063 (Aug 1942).
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(c) The result is available only after all stages of manu-
facture are completed; earlier knowledge of trouble might allow
correction of faults or at least save work on unsatisfactory ma-
teria2.

(d) It is often difficult to determine from a ballistic test

h, what changes ahould be made in fabrication to improve the product.

(e) The test is destructive. It is therefore wasteful of
material and can be carried out only on samples. The inadequacy
of sampling procedures is borne out by many examples.

To avoid these difficulties numerous investigations have been
undertaken to develop nonballistic tests that are cheap, fast, non-
destructive and usable in the manufacturing plant. Nonballistic
tests should also show good correlation with ballistic performance,
Even though such tests have not replaced the ballistic test, they
often serve useful purposes: (a) in sorting out distinctly inferior
material before further processing, (b) in informing the manufacturer
of trouble before large quantities of defective product have been
produced, (c) in providing a clue to the causes of failure in a bal-
listic test and (d) in helping to control uniformity of he product
to add to the reliability of ballistic tests on samplesa(4

141The last point is particularly emphasized in the following excerpt
from footnote 2: "Ballistic acceptance tests must necessarily be
augmented by indirect tests because of the impossibility of con-
trolling uniformity by ballistic tests alone."
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Sec tio 15

Choice of Tests and Test Conditiona

Section Title page

15.11 Acceptance Tests on Homogeneous Hard

15.12 Acceptance Tests of Heavy Naval Pro-
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Section 15.1

Choice of Tests and Test Conditions

There are a variety of factors that may influence the choice

of test conditions to be used in acceptance. The choice may do- .

- pond on how well the factors controlling performance are known, on
the degree to which service conditions can be defined, on the ex-
tent to which capabilities of the product have been determined in
development work, or on the importance of simplicity and reproduc-
ibility compared to complete assessment.

by R. J. Emrich

2
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Sec. 15.1 - hoice of Tests and Test Conditions

In general, tests on armor and projectiles are conducted for
one of three purposes, as follows:

(a) Experimental or development tests are conducted to deter-
mine ballistic characteristics of new steels, experimental heat
treatments and similar variables or, in the case of ballistic tests,
to find the best characteristics for various types of attack. Fir-
ings are also conducted to obtain information upon which design im-
provements or alterations are based.

(b) Qualification tests are conducted for the purpose of quali-
fying a manufacturer's process. Such tests may be of comparative com-
plexity and when employed are designed to establish the ability of a
manufacturer to produce n sqtIsfnetcry product, After qualification,
indirect tests may play a considerable part in controlling uniformity
of the product.

(c) Acceptance tests are conducted on samples or test pieces,
representing distinct lots, which are presented by the manufacturer.

Although the subsequent review is primarily concerned with the
problem of acceptance testing, the tests considered may well be used
for any of the above three purposes. In fact, even in practice, the
results of acceptance tests are often employed for purposes of de-
velopment, making it difficult to distinguish between the two types.

Considering acceptance tests, the choice of type and conditions
of test may depend, in a particular case, on any one or a combina-
tion of several factors. It may depend on how well the factors con..

trolling performance are known, on the degree to which service con-
ditions can be defined, on the extent to which capabilities of the

1' product have been determined in development work, or on the impor-
tance of simplicity end reproducibility compared to complete assess-
ment.

Factors Controlling Performance

When the ballistic quality of the product can be defined
in terms of definite, measurable characteristics, these form a use-
ful basis for assessment. Thus the quality of homogeneous armor is
said to depend on its rer stance to penetration, its resistance to
spalling, and its resistance to cracking.(1) The quality of an armor

(i)in the case of face-hardened and very hard homogeneous armor,
quality will also depend on the ability oC the armor to deform
the projectile.

CONFIDENTIAL
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piercing projectile is a function of its ability to resist deforma-
tion and shatter. In addition, an APHE projectile must remain in
an effective bursting condition.(2) One of the criteria for the
suitability of a test is whether or not it is properly designed to
measure the physical characteristics controlling these properties.
In fact, it is only on such a basis that nonballistic tests have
any significance.

Difficulties sometimes arise in applying this criterion,
however, mainly because of vagueness in physical concepts. For
example, the order of merit of a set of plates tested for resist-
ance to penetration by determination of ballistic limit may be
quite different when the test projectiles are small than when they
are large.(3 ) Although the reasons for this are known in a general
way, it appears impossible in this and other cases to predict from
limited test results what the performance of the product will be
under all possible conditions of use.

Service Conditions

Lacking a fundamental basis that is entirely unambiguous,
a second criterion in the case of a ballistic test is the closeness
to which conditions approach expected service use. The usefullness
of this criterion will depend on whether or not the intended use is
restricted to a faw types of impact and on the likelihood that serv-
ice conditions will be altered by changes in the tactical situetion.(4)

At best, there is some uncertainty in predicting actual use
since, to a certain extent, this is within the control of the enemy.
This situation is in contrast to that existing in the case of a gun
tube, a structural element of a vehicle, or a gun mount wherein the
material can be proof tested under such conditions that assurance is
obtained that the stresses in service will not exceed those in test.(5)

(2 )"Ballistic Testing of Armor, Rev A," Naval Proving Ground Report
21-43 (Apr 1944).

(3)H. H. Zornig, N. A. Matthews, and C. Zener, "Armor Plate Bal~istic
Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944).

(4 )At the beginning of World War IT, the 90 mm projectile was planned
for low angle attack of face-hardened plate, but later, due to a
change in the tactical situation, its greatest use was against homo-
geneous armor set at a high angle. See report by H. F. Brown, "The
History of 90 mm Armor Piercing Projectile (Steel) Development,"
Office, Chief-of Ordnance (Aug 1945).

(5 )"Bibliography on Armor, Armor Piercing Projectiles and the Welding
of Armor - Vol I," Watertown Arsenal Report WAL 900/97 (Apr 1945).

4
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Product Performance

Two types of acceptance tests have been used in practice.
In one type, the test provides a numerical measure of quality, such
as a ballistin limit; in the other, the product merely passes or

fails a given requirement, e. g., that a plate withstand attack by
a given projectile at a stated velocity and cbliquity. The choice
of the level set for acceptance in the first mase and of test condi-
tions in the second case is based on expected performance as deter-
mined in previous development or acceptance tests.

The severity of the test will obviously depend on quali-
ties that can be obtained in mass production and not on those a-
chieved under ideal laboratory conditions. Particularly in time
of war, with new manufacturers in the field, expediency may require
acceptance of pieces below some arbitrary, predetermineod standnHro
It may then be an advantage to have a test which will tell not only
whether, but how much, the product is below or above a given level.
Such a test will also give a better idea of improvements that are
being made; its disadvantage in most cases is greater complexity.

Simplicity and Reproducibility

The practical need for simplicity and reproducibility is
evident without elaboration. This provides a fourth criterion for
the suitability of a given test or test condition.

A review of specifications for armor and projectiles, as well
as the literature on acceptance testing, reveals no simple, infalli-
ble set of rules for choosing a test or test conditions in particular
cases, As illustrations of acceptance practice in the United States
near and at the end of World War II, examples of specifications are
given in Appendix A. Specifications are, of course, continually sub-

ject to revision.

To indicate some of the practical difficulties involved in set-
ting up satisfactory acceptance tests, modified selected quotations
are given in the following sections which cover the history of two
developments. Although both examples are from British sources, the
troubles encountered are typical of those of other countries.

5
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15.11 - Acceptance Tests (British) on Homogeneous Hard Armor
up to 14 mm Thickness.0)

The specification, approved in 1936, and in use at the out-
break of the war, stipulated that the plates were to be subjected
to an "immunity firing test." The composition of steel and the
method of manufacture were left to the manufacturer and no definite
hardness range was specified. Plates were rejected if under visual
examination they showed signs of cracks or laminations or other de-
fects, and if under firing tests with caliber .303 ammunition (at
stated velocity and obliquity) they were perforated or showed signs
of apalling. The firing trials were carried out at ranges on the
manufacturer's premises, the normal proving procedure being as fol-
lows: 10 per cent of all plates produced were subjected to the im-
munity firing test so long as no failures occurred; upon the failure
of any plate, all plates were tested until 100 consecutive passes,
when the 10 per cent test was resumed. All firing was carried out
with special rifles and ammunition supplied by Woolwich Arsenal,
supposedly to assure the achievement of the stated striking velocity;
velocity of each round was not measured and it was later shown that
striking velocities considerably outside the 140 f/s stated tolerance
were occurring.

Early in 1940, certain manufacturers were experiencing diffi-
culty in passing the immunity firing test and, in consequence, were
continuously on 100 per cent test. In April 1940, the severity of
the test was reduced by increasing the obliquity. In July 1940,
the test was further changed and inspecting officers were asked to
compare the results of the new and the old tests. At the end of a
six months' concession period no satisfactory conclusions had been
reached and the concession was further extended for another three
months. This arrangement worked satisfactorily and no further am-
mendments were formulated until 1942.

By agreement all manufacturers began to work toward a Brinell
hardness of 444 to 477, in which range very little trouble was ex-
perienced in passing the immunity test.

(6)W. L. J. Pomfret, "The History of Specification I.T. 70 for the
Manufacture and Testing of Rolled Homogeneous Hard (Non-machineable)
Armor up to 14-mm Nominal Thickness," British Ministry of Supply
Permanent Records of Research and Development 5.003 (Aug 1947).

6
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Meanwhile, during 1941, experimental trials at arsenal ranges

provided the first means of making comparative trials of the bal-
listic properties of different types of IT 70 armor plates. These
showed that the specification immunity test failed to discriminate
among plates which might possess greatly differing ballistic quali-
ties and gave little indication of the behavior of plates under an
overmatching attack. A number of failures meant an increase in the
number of plates fired at, and the return of plates for retreatment,

• !but this retarding effect did not prevent plates essentially similar
to those rejected from going into vehicles, nor was any pressure,
other than the inconvenience and delay, put upon the manufacturer
to improve his quality.

i' In November 1942 a new draft specification evolved. Immunity

firing tests were included with more attention to detail and, in
addition, a ballistic limit was to be obtained witi the same caliber

.303 ammunition within a velocity bracket of 100 f/s. An overmatch-
ing test was introduced, and it was stipulated that plates should be
withinthe Brinell hardness range 444 to 477. Ballistic tests, ex-
cept the immunity tests, were conducted at proving grounds on samples
shipped there.

In Paoober 1943, immunity tests at the firm's ranges ceased.
Up to 1944 the results of the proving ground tests did not require
any action regarding acceptance or rejection of production plates.
Plates were accepted provided they were in the agreed hardness range.

During the trial period in which hardness alone was used as a
basis for acceptance, 426 plates from five firms were subjected to
ballistic test at the proving ground, and the results showed con-
siderable variation in the properties of plates of different makers.
During this period some firing had been done at various obliquities,
and the proving grounds impressed upon the Ministry of Aircraft Pro-
duction the unreliability of results obtained in angle shooting.
It was agreed that plates should be proved at normal, as well as at
angle, during the trial period.

In April 1944 a new draft specification called for the subjee-
tion of tank and aircraft plates to the ballistic tests. Perfora-
tion limits were measured and overmatching projectiles were fired
against samples. Some of the overmatching tests, viz., those which
had not been performed during the trial period, were ignored in
giving verdicts on plates which failed and such plates were sub-
jected to the old immunity test. Acceptance was carried out under
this specification, with minor changes in detailed perforation
limit requirements up to the time of the writing of the history
which has been summarized.

7
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15.12 AcceanceTesto ofHavayalPrJectles (7)

During the early years of World War II, the British Ordnance
Board came to the conclusion that the system of proof, whereby if
one shell chosen from a lot of'400 shell failed, the lot would be
accepted if a second shell succeeded under the same conditions,
was not an adequate safeguard against inferior shell getting into
the shellrooms of the ships.

After a review, the Board recommended in November 1943 that

(a) Two shells are to be proved from each lot of 400;

(b) If either fails, three more are to be proved;

() If one of the five is a failure, an investigation into
the back history is to be made and five of that maker's next lot
are to be proved;

(d) If more than one shell out of the five fails, the lot is
V to be rejected and a drastic investigation carried out, and no

further lots are to be accepted from that maker until there is con-
crete evidence that the trouble ham b4n located and eliminated;

(e) Until a firm has shown that it is reliable, two shells
from each lot should be sectioned for a complete metallurgical
examination; and

(f) The firm should keep complete records of the manufacture
of all shell; these are to be svailable to the proof organization.

Certain objections to these proposals were raised by the firms
and in January 1944 the Board stated that the fundamental objection
(that long delays in manufacture and supply would necessarily result)
did not appear to be correct unless a large proportion of the shell
brought forward for proof was incapable of passing the specification
tests.

The Board's idea was that the Heavy Shell Sub-committee would
learn how to make good shells and that a specification with which a
good shell could comply would be determined. They recommended that,

(7 )"Report of the President of the Ordnance Board (Great Britain)
1941-1945," pp 297-301.

C F 8
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when that had been done, approval of the proof organization must
be given for the composition of the steel, the processes of manu-
facture, the hardness gradients, and the design of the shell. Com-
plete history sheets of each shell and cap should be available,
hardness tests should be taken over the whole of the shell from
tip to base, and of each cap, and two shells per 400 should be
sectioned and tested for hardness over the area of the sections.

It was next proposed that acceptance of heavy shell should be

based entirely on tests of

(a) Chemical analysis of heats of steel;

* (b) External hardness (VD) on every shell;

(c) Internal hardness gradient of 1/2 per cent of the shell
by sectioning;

(d) Magnetic crack detection on all shells; and

(e) Identical tests on caps.

Methods of manufacture were to be open to inspection and to be
fully recorded for each shell. As a check on the above specifica--
tion requirements, 1/2 per cent of the shell would be held for
firing trials to provide information on whether the expected per-
formance was, in fact, being realized. In the event of failures,
an investigation into methods of manufacture could be made. But,
complete control of manufacturing methods was not regarded with
favor.

This policy was approved by the Board since the Admiralty was
in a much better position to specify methods of manufacture than
it had been in 1939; the Armament Design Department and the Arms-
ment Research Department were now well qualified to give technical
advice on AP shell problems, the Heavy Shell Sub-committee was
actively investigating the qualities of the best 

possible piercing

shell, and the Royal Ordnance Factory had been shown capable of
setting an excellent standard in the manufacture of 15-inch shell.

In September 1945, the firms had agreed to cooperate in working
out the new procedure for acceptance of heavy projectiles. The
firms suggested that each manufacturer should produce shell accord-
ing to approved samples. It was pointed out by the proving organi- A
zation that the principle of the proposed new procedure was based
on sufficient knowledge to specify the optimum characteristics of
all shell for a given performance. If the characteristics were ob-
tained by different methods and the results achieved differed, it i

9 A
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was the intention that the methods of manufacture should be brought
into line rather than have the specification altered to suit exist-
ing methods of manufacture.

CNI NI
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pSection 15.1 - Choice of Tests and Test Conditions

i Basic Material

1 1. W. L. J. Pomfret, "The History of Specification I.T. 70
for the Manufacture and Testing of Rolled Homogeneous Hard
(Non-Machineable) Armor up to 14-mm Nominal Thickness,"
MOS; Permanent Records of Research and Development 5.003
(Aug 1947).

I>'

2. "Report of the President of the Ordnance Board (Great Britain)
1941-1945," pp 271-272, 297-301.

3. "Report of the President of the Ordnance Board (Great Britain)
1946," pp 74, 77.

4. "Results of the Homogeneous Aircraft Armor Development Pro-

gram," Naval Proving Ground Report 1i-43 (Jun 1943).

5. "BallisticTesting of Armor, Rev A," Naval Proving Ground
Report 21-43 (Apr 1944).

6. H. H. Zornig, N. A. Matthews, and C. Zener, "Armor Plate
Ballistic Testing," Watertown Arsenal Report WAL 710/685
(Aug 1944).

7. A. Hurlich, "Development of Non-ballistic Tests of Armor at
Watertown Arsenal 1940-1945," Watertown Arsenal Report WAL
710/793 (May 1946).

Related Material

1. W. N. Hindley, "Quality Control of SAAP Bullet Cores,"
Armament Research Department/MET 9/45 (Feb 1945).

2. A. J. Herzig, "Report of Investigations Conducted at the
Laboratory of the Climax Molybdenum Company in Connection
with Heat Treatment of Armor Piercing Shot," Reports L147-
L149 (1942).

3. "Investigation Into the Possibility of Replacing Plate Proof
of Shot by Laboratory Tests," British Ordnance Board Proceed-

4ings 19,063 (Aug 1942).

11
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Related Material (Cont'd)

4. H. F. Brown, "The History of 90 mm Armor Piercing Projectiles
(Steel) Development," Office, Chief of Ordnance (Aug 1945).

5. "Bibliography on Armor, Armor Piercing Projectiles and the
Welding of Armor - Vol l," Watertown Arsenal Report WAL 900/97
(Apr 1945).

ft.
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Section 15.2

Proof Fiigfrice ac of Arrnr'

ScinTitle Page

1.4Resistance to Cracking 24

F. 13
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Sectionl152

Proof Firinx for Acceptance of Armor

To determine the ability of a plate to resist. (a) penetration,
(b) spalling, and (c) cracking, three types of ballistic tests are
used. In the first type, a determination is made of, the ballistic
limit of the plate; in the second, projectiles are 'ired at valool-
ties above the limit to determine whether an excessive amiount of
armor is thrown from the back face; and in the third, a large pro-
jectile or slug is used to provide shock and thus test the plate's
resistance to cracking. Each of these types is discusead.

by R. J. Emrich

14
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Sec. 15.2 - Proof Firing for Acceptance of Armor

Four criteria for the choice of an acceptance test or test
conditions were discussed in the previous section. Since it is 4
usually impossible to satisfy all four criteria simultaneously,

an essential part of the problem in setting up a test is to decide
on the relative importance of the various factors. Since this may p
vary from one acceptance problem to the next, it is difficult to
establish a general basis for acceptance which will apply to all

cases. A discussion of such a basis can be useful, however, even
though exceptions are advisable in practice.

Except where noted, t6 epresent section reviews a system pro-
posed by Watertown Arsena (1) for the acceptance of armor for air-

craft, tanks, and other armored vehicles. The significant part of
the proposal is the stress laid on measurements which distinguish
amcng different modes of failure and which emphasize characteristics
inherent in the armor and controllable in manufacture. The spirit
of the proposal is expressed in the introduction of the subject re-
port: "Considerable progress has been made during World War II in I
an:improvement in armor quality and also in an understanding of

the:mechanics of how armor functions. It is believed that still
further improvement in armor quality may be obtained if this under- Astanding of the mechanics of armor is utilized in establishing a
rational tdasis for the ballistic specifications of armor. An at-
tempt is made to establish such a basis."

15.21 - Basis for Armor Testing I
It is generally accepted that good armor must possess three

characteristics:

(a) Resistance to penetration. The primary function of
armor is the protection of men and material behind it and it must
first of all prevent, as far as possible, the perforation by enemy
missiles.

(b) Resistance to spelling. There should be no pieces thrown
from the plate into the protected area.

(c) Resistance to cracking. The plate should not crack or
break up. Even when the crack is not severe, the plate will be
unable to sustain further attack; if the plate is an integral part
of any framewcrk, the structure will be weakened.

MH, . iornig, N. A. VAtthews, and C. Zener, "Armor Plate Bal-
listic Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944).

15
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These are useful designations, not only because they correspond
to different types of damage, but also because they represent dif-
ferent modes of failure which can be related to controllable physi-
cal characteristics of the armor.

Thus, the first requirement stipulated for a ballistic test
is that it be able to measure one of these qualities and that it
be sensitive to the factors controlling the corresponding mode of
failure. The second requirement, taken to be of equal importance
with that of the first, is simplicity and reproducibility. Ap-
proximation to service conditions is relegated to a secondary role,
while the requirement that the armor be tested near its limit of
performance is automatically taken care of by the suggestion that
the resistance to penetration be measured by the determination of
a limit velocity.

The first requirement will be considered later. For the re-
quirement of reproducibility it is recommended that tests be car-
ried out under controlled conditions at a proving ground, that the
projectile be non-yawing, and that, except in tests for oracki~g
a nondeforming, monobloc projectile be used whenever feasible.?I
A cap is considered an undesirable feature since it "introduces a
variable factor over which the test range has no control."

For simplicity, as well as reproducibility, it would be de-
sireable to have all tests conducted with impacts at normal inci-
dence. The reasons for this are that small Variations from the
specified angle of incidence affect results to a much greater ex-
tent at obliquities than at normal, that the effects of random yaw
are more pronounced at obliquities, and that the likelihood of pro-
jectile deformation and fracture is less at normal. With respect
to simplicity, it is also noted that normal impact firing is some-
what easier with regard to mounting of the plates and the inter-
pretation of ballistic impacts. These advantages are undoubtedly

(2 )There are many oases in which a monobloc projectile is not used
in practice. It would certainly not be feasible to use such a
projectile against face-hardened plate since it would invariably
shatter and, consequently, produce very erratic results. Jacketed
caliber .30 and .50 projectiles are used at normal obliquity in
testing light armor.
In oases where nondeforming projectiles cannot be used, a special-
ly prepred batch of projectiles is often maintained at the prov-
ing ground. These projectiles are prepared under especially well
controlled conditions, are tested for uniformity by pertinent non-
ballistic tests, and are subject, -through large samples, to a more
thorough ballistic test than is feasible In regular projectile

, ezoeptance testing.
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real; they are often obtained, however, at the expense of the
K: requirement that the test should approximate service conditions.

The reasoning behind the suggestion is that qualities which are
responsible for poor behavior at obliquities can be tested at
normal without the necessity of obliquity firing. This is an
important point, but one which needs further investigation. At
preset, many acceptance tests are carried out at oblique im-
pact. (3

15.22 - Resistance to Penetration

Aside from the function of face hardened plate to deform
the projectile and thereby dissipate its energy,(4) and the

h: function of any plate to deform or deflect the projectile upon
Jhigh obliquity impact, the chief property of armor in resisting

penetration is aborption of energy through its own plastic de-
formation.(5) The characteristics of the plate material whichi affect its capacity to absorb energy through plastic deformation

are customarily described as:

(a) Resistance to plastic deformation,

(b) Resistance to instability of homogeneous deformation, 4
(c) Freedom from laminations, and

(d) Ductility.

The general nature of the plastic deformation, and therefore

the resistance to penetration, depends upon whether and at what
stage of the penetration homogeneous deformation becomes unstable.
Once such instability han set in, a plug is formed, thereby al-
lowing the projectile to pass through more freely; the penetration

resistanm is lowered (Figures 2.1-12, 2.1-13, 2.1-14, 2.1-15,2.1-16). 5) Since not all the factors affecting the instability

of homogeneous deformation are understood, an adequate nonballistic
test cannot be made for this quality.

(3)see Parts I and I of Appendix A.

(4)To assure that face-hardened armor can perform this function,
it is required that the nose of a standard test projectile be
deformed by a specified amount.

(5)A more complete discussion of the mechanism of perforation is

given in 'hapter 2, Frankford Arsenal Report R-902, "Mechanism
of Armor Penetration," by R. B. Sawyer, Feb 1951. Figures
listed here are found in this report.
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The presence of laminations and the absence of ductility,
since they lead to spells and cracks, lower the resistance to
penetration by permitting the plate material to make room for
the projectile without undergoing the normal 4mount of plastic
deformation (Figures 2.1-8, 2.1-9, 2.1-11).(5) These two quali-
ties are examined in special tests (spalling and cracking tests,
respectively).

The Watertown Arsenal report(l) remarks that "the concept
of resistance to penetration is not without ambiguity, and there-
fore any test which is devised to measure it is somewhat arbi-
trary. The ambiguity in the concept of resistance to penetration
arises from the wide variety of conditions of attack to which
armor is subjected. That combination of qualities which enables
armor best to resist penetration under one type of attack is not
necessarily the same combination which enables it best to resist
penetration under another set of conditions. The most that can
be expected of a single method of testing for resistance to pene-
tration is that the test be sufficiently sensitive to all four
resistance qualities so that any fress failings in any one Quali-
ty will be reflected in the test. 6) Since the qualities (6) and
(d) ('freedom from laminations, and ductility) have sapedial ballistic

* - - tests,"it is desirable that thi resistance to ponetration test be
especially sensitive to the first two qualities."

i. Type of Tea&

It is suggested that for firings at normal impact the
"Navy" ballistic limit is preferable to that of the "Army" as a
measure of resistance to penetration.(7) The "Navyff limit is the
minimum striking velocity required for the projectile or major
portion thereof to pass entirely through the plate, while the
"Army" limit requires only that the tip of the projectile be seen
from the back side when the projectile remains in the plate or that
a pinhole of light be seen when the projectile has been ejected.
The reason for favoring the "Navy" limit is that it is considered

........
(5)LoO cit
(6)The assumption is that service use is never restricted to a

definite type of attack. The extent to which this is true will
vary with the intended use of the plate.

(7)A description of the different types of ballistic limit, methods
of measurement, and means of averaging statistical fluctuatione
in results is contained in an Appendix to Chapter 3, Frankford
Arsenal Report R-903. See also "Definitions of Terms Used in
%a11istic Testing of Armor - Rev B," Naval Proving Ground Report
10-46 (lan 1946).
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to be more sensitive to changes in the plate qualities under test,
since these changes greatly affect the behavior of material near
the back face.

"(i) The resistance to plastic deformation of the material

near the back of the plate affects the 'Navy' ballistic limit much
more than the 'Army' ballistic limit.

"(ii) The tendency for instability of homogeneous deformation
does not appreciably affect the 'Army' ballistic limit while it
greatly modifies the 'Navy' limit.

"(iii) An increase in hardness lowers the ductility of the
back fibers of the plate, thereby lowering the bulging at the back

'- of the surface before light is transmitted or the nose of the pro-
jectile appears, and therefore such an increase in hardness has a
greater effect upon the 'Navy' than upon the 'Army' limit."

This disadvantage of the "Army" limit, that it is less sensi-
tive to the qualities under test, would also apply to the "immunity"
type test in which it is merely required that the plate not be per-
forated by a given projectile fired at a specified velocity and
obliquity.

* . Although a review of specifications reveals that an immunity
test is commonly used in practice, this is undoubtedly because of
its greater simplicity, which is particularly important in the
case of heavy armor. It is interesting to note, in this respect,
that there is available a method for calculating a "Navy" limit
for normal impact with data obtained from a single shot.( 8 ) This

(W)It is believed that this method was first suggested by the
U. S. Navy. It was later used and developed by other orga-
nizations as well. A few references to this method are the
following:

"Definitions of Terms Used in Ballistic Testing of Armor -

Rev B," Naval Proving Ground Report 10-46 (Jun 1946).
a. R. Irwin, "Ninth Partial Report on Light Armor," Naval

Research Laboratory Report 0-1778 (Sap 1941).
"The Ballistic Properties of Mild Steel, Including Pre-

liminary Tests of Armor Steel and Dural," Office of Scientific
Research and Development Report 1027, NDRC A-11 (Nov 1942).

C. H. Fletcher, H. Davis, and C. W. Curtis, "Measurement
of Projectile Velccities by Double Spark Shadowgraphs," Office
of Scientific Research and Development Report 48299, OTB-8e
(Mar 1945).
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method consists of firing one or more rounds at velocities esti-
mated to be a little above the perforation limit velocity, and
measuring the residual velocity of the projectile. The perfora-
tion limit velocity is then obtained by reference to experimentally
established relationships between the perforation limit velocity
and residual velocity. This method would reduce the number of
shots required in obtaining a limit over the number needed in the
"bracketing" method, but would make the measurements on each shot
more complicated.

Conditioo of Test

The choice of normal incidence as the obliquity for test
and its advantages of reproducibility and simplicity have already
been discussed. There remains a choice of projectile caliber.

That the rating of a set of plates may depend on the size
of the test projectile is evident from Figure 15.2-1. (Compare
results obtained with the caliber .30 and caliber .50 projectiles
in the Brinell hardness range above 350.) In this figure limit
velocities are given as a function of plate hardness for plates of

hi the same metallurgical quality. Differences in hardness were ob-
tained by differences in time and temperature of the temper. The
optimum hardness increases with decrease in caliber; for the cali-
ber .30 projectile it is supposedly at a higher value than shown
in the graph, A deterioration in metallurgical quality would be
reflectqd mainly in a shift of the optimum hardness to lower
values.(9)

The method recommended for choosing the projectile cali-
.1 ber to be used in an acceptance test assumes that the best range

of hardness and possible plate quality have been decided upon by

(9 )Optimum hardness is discussed more completely in Section 3.2 of
Chapter 3, Frankford Arsenal Report R-903, "Perforation Limits
for Nondeforming Projectiles," by C. W. Curtis (Feb 1951). For
pertinent references, see:

"Results of the Homogeneous Aircraft Armor Development
Program," Naval Proving Ground Report 11-42 (Jun 1943).

"The Penetration of Homogeneous Light Armor by Jacketed
Projectiles at Normal Obliquity," Naval Proving Ground Report
14-43 (Jul 1943).

B. R. Queneau and F. C. Albers, "Metalurgical Aspects of
Optimum Ballistic Properties in Homogeneous Light Armor," Naval
Proving Ground xp Memo 1040-44 (Jun 1944).

D. 0. Sopwith, "The Optimum Hardness of Homogeneous Armor
for Resistance to Pertoration at Normal Attack by Projectiles
of Different Sizes " Armor Piercing Projectiles Sub-committee
Paper 80 (Sep 1944).
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development tests, with due regard to expected service conditions.
For plates of accoptable quality it would then be possible, by ad-
justing the ratio of plate thickness to projectile diameter, to
test either in a region below optimum hardness, where ductile per-
forations are expected, or above optimum hardness, where nonduc-
tile perforations should occur. It is suggested that tests be con-
ducted in the region below optimum hardness. Essentially, the test
would then control the minimum hardness level; it might also show
excessively poor quality due to lack of ductility and the occur-
rence of laminations, but would be relatively insensitive to these
factors. Control of the upper limit of hardness and indication of
poor ductility and flaws is then left mainly to spalling and crack-
ing tests.

Projectiles chosen on the above basis would usually have
a diameter less than the thickness of the plate and must therefore
have a relatively high striking velocity for perforation. A sharp
nose would be required to avoid projectile deformation.

Reduction of Data

It is often convenient to be able to reduce actual limit
velocities to values corresponding to standard thicknesses of plate
or to interpolate between values for two thicknesses. Perforation
formul.s for correlating limit velocities with plate thicknesses
are discussed in Section 3.5 (Frankford Arsenal Report R-903). Of
the many formulas that have been proposed, the simplest for inter-
polation is a linear dependence which may be us d with fair success
provided the range in plate thickness is small.I0) Nearly as
simple, if a graphical means of interpolation is employed, is to
consider the logarithm of the perforation limit velocity a linear
function of the logarithm of plate thickness and to make a plot
on log-log graph paper .

15.23 - Resistance to Spalling

Different types of plate fragments may come off the back of
a plate during impact. One type of fragment (referred to in 15.22)
is caused by the localization of shear deformation about certain
internal surfaces. Such a localization is caused by the instability

T17LOo cit
(10)A. V. Hershey, "Ballistic Summary - Part I. The Dependence of

Limit Velocity on Plate Thickness and Obliquity at Low Obli-
quity," Naval Proving Ground Report 2-46 (Mar 1946).
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of homogeneous shear deformation which arises after a slight de-
formation. The mechanism of this type of failure (discussed in
Section 2.1 of Chapter 2)(5) gives rise to the formation of plugs
(Figures 2.1-12, 2.1-14, and 2.1-15),(5) and to the wiping off of
petals (Figures 2.1-1 to 2.1-7 and 2.1-10),(5) both on the front
and back faces.

A second common type of plate fragment is associated with
a lack of cohesion across planes parallel to the plate surface.
The resulting fragment usually takes the form of a thin disc some-
what larger than the diameter of the projectile. In Naval parlance
this is called a ,button."(ll) The occurrence of such fragments
was the most usual cause for rejection of rolled armor during World

' War II.

Another type is mentioned by the U. S. Naval Proving Ground and
is, in fact, the only type to which the word "spall" Is applied, This
is a circular cone of metal with a base several times that of the pro-

[ jectile (Figures 2.1-8, 2.1-9, 2.1-11 and 2.1-16).(5) The depth of
the cone usually extends through the entire thickness of the plate and
the sides have a rough flaky crystalline appearance. The cause of
failure is not explained.

Trya of Test

The spalling characteristics of a plate are tested ballis-
tically in the projectile-through-plate (PTP) test. In this test a
projectile is fired at normal incidence with a velocity considerably
above the perforation limit velocity. If a spall exceeding a certain
diameter is ejected from the back of the plate, the plate fails the
test.

Conditions of Test

Several factors influence the tendency of a plate to spall.
The greater the velocity of the projectile, the greater are the iner-
tial forces tending to separate the spall from the back of the plate
(see Section 2.1, Frankford Arsenal Report R-902, for a discussion of
the mechanism of spall formation). Spalls are also favored by a blunt

/

7 cit
(l1)"Definitions of Terms Used in Ballistic Testing of Armor - Rev B,"

Naval Proving Ground Report 10-46 (Jun 1946).
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ogive and by an increase in the size of the projectile. Figures
15.2-2 and 15.2-3 illustrate how the tendency to spall increases
with increase in velocity and with increase in bluntness of ogive.
These pictures show only the formation of "buttons," but it is
known that the tendency to plug also increases with increase in
bluntness of ogive.

Certain projectiles which have in the past been used
for the projectile-through-plate test are especially unsuitable,
in particular the caliber .30 AP and caliber .50 AP jacketed core
bullets. On the one hand, the unusually long pointed ogives of
their cores require a high striking velocity in order to subject
the plate to a severe back spalling test. On the other hand, their
jacket produces a type of punching at high velocities which may dis-
qualify the plate on the criterion of exit diameter, but which is
in no way an indication of surfaces of weak cohesion in the plate.
No other caliber .30 or caliber .50 ammunition is produced in quan-
tity; Watertown Arsenal suggests the use of special test projectiles
with cores of blunter ogive. These would then need to be shot at
only a comparatively low velocity in order to differentiate between
plates which are good and bad with respect to spalling character-
istics; at the low velocity the jackets would be less likely to
form thkir type of punching. Another suggested solution is to pro-
vide speoial test projectiles which are unjaoketed and have a-blunt
ogive.(12) The use of a projectile, such as the 20 mm M75, which
yaws excessively and does not remain undeformed is not recommended.

15.24 - Resistance to Cracking

As a rule, good quality armor cracks extensively only under
unusual conditions of impact. It is particularly likely to do so
if the plate is attacked by an overmatching projectile at high
obliquity. The plate then resists penetration by deflecting the
projectile so that, roughly speaking, the plate reaction is in-
dependent of the initial tangential component of the projectile
velocity (Figure 15.2-4). The plate reacts essentially as if
it were struck normally by a projectile with 90 degree yaw and
a lower striking velocity; bending occurs with the back face
subjected to tension. Fracture is likely.

A ballistic shock test should simulate these conditions,
namely, it should apply, over an extended area of the face, an
impulsive force of sufficient magnitude to produce bending;

(12)j. F. Sullivan, "Considerations Preliminary to the Develop-

ment of Improved PTP Test Projectiles," Watertown Arsenal
Report WAL 762/320 (Jun 1945).
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a. THE INITIAL REACTION
FORCE EXERTS A COUPLE
NHICH TURNS FHE PRO-

JECTILE SO AS TO LIE
PARALLEL TO PLATE.

2 II

b. THE PROJECTILE PRESSES
--.- SIDEWISE AGAINST THE PLATE.

vn

Q* ALL THE ENERGY ASSO-
"___ _ CIATED WITHTHE VELOCITY

COMPONENT NORMAL TO THE

-- PLATE IS ABSORBED AS
PLASTIC DEFORMATION.

Figure 15.2-4 . Illustration of approximate manner in which undermatching
plate resists penetration at high obliquities

(Taken from Watertown Arsenal Report "AL 710/685)

27



CONFIDENTIAL

T ves of Test

At one time or another four different types of tests have
been used to evaluate resistance to shock:(13)

(a) Repeated Fire. Light armor has been subjected to a
5- to 15-round machine gun burst. The reviewer has seen no report
discussing this test. If it has physical significance, which seems
doubtful, it is extremely difficult to see how it can be made re-
producible.

(b) Explosion. The armor is impacted with fuzed, high
explosive shell. It would appear that an explosion would subject
the armor to the required bending. Personnel at Watertown Arsenal
feel that such a test is not reliable, however, because of the ex-
treme sensitivity of such shocks to the time oflIinitiation of ex-
plosion. Furthermore, a German laboratory reports that the resist-
ance of armor plate to a contact explosion did not correlate with
resistance to cracking.(14,15)

(c) Yaw and high obliquity impact. Although the pres-
ence of yaw may increase the tendency toward cracking, yaw is hard
to control in routine firing. The same effect may be produced more
simply by other methods.

One such method is to use a relatively large, inert
projectile fired at a high obliquity (usually 50 to 70 degrees to
plate normal). This type of test is used by the U. S. Navy for
testing medium and heavy armor. It has the advantage that the armor
is tested under the same conditions that are likely to lead to fail-
ure by cracking in service.

(d) Slug. Watertown Arsenal favors the use of soft,
blunt slugs fired at normal incidence. Ball ammunition has been
used for the same purpose. A further discussion of this method
follows.

(13)"IBallistic Testing of Armor, Rev A," Naval Proving Ground
Report 21-43 (Apr 1944).

(14)A. Krisch, "The Formation of Plates and Plugs" (German Trans.-
lation), British Intelligence Objectives Sub-committee/Gr
2/HECI521/5489/30l (1943).

(15)Dean and Sneddon, "The Problem of Discing of Armour Plates,"
Armament Research Department/THE Report 36/44 (Aug 1944).
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Conditions for test with soft slue

It is suggested by Watertown Arsenal that the force on
the face of the plate must not be so localized that its associated
energy is used to form partial or complete holes, as are produced
by armor piercing projectiles. The pressure must be distributed
over an area havirgadiameter at least equal to the plate thickness.
In order that such a pressure distribution be obtained at normal
incidence it is desirable that the testing projectile have a flat
nose or truncated ogive. However, the use of a flat nose, projec-
tile introduces the possibility of a new type of plate reaction,
namely, the formation of a plug. This, however, can be avoided
if the projectile is sufficiently soft to mushroom and is fired
at a velocity which is carefully chosen. A projectile with low

P; resistance to its own deformation will exert a nearly constant
force for an appreciable time, and during this time the bending
moment applied to the plate will. -tev~ily rise, while the -hearinr
stress in the plate, which would produce a plug, remains constant.

It was felt that the physical picture of shock testing

by this method was sufficiently complete to allow the proposal

of a formula relating the parameters involved. The fundamental
principle of this formula is that the test projectile should be
fired just under the velocity which will give rise to a plug. The
force exerted by the soft projectile will be roughly proportional to

[(T.S.)proj + pV2 ]d2

where (T.S. )proj is the numerical value for the tensile strength of
the projectile material; p is the density of the projectile materiall
V is the striking velocity, and d is the projectile diameter. This
force is to be just insufficient to cause a shear failure of the plate
material, and in the critical case (the shear strength being about
one-half the tensile strength) the forces may be equated. Whence,

(T.S.)proj + pV2  = d (T.S.)pl ( )

where t is plate thickness, and 0 a numerical constant with a value
of approximstely 4, which is determined by experimental firing.

The test consists in firing the slug at the appropriate
striking velocity, and inspecting the plate to see that no cracks

29
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appear with a length greater than a stated amount. This test(16 )

is being used for the acceptance of welded plate.

i

(16)pecfieitin ML-A1136B,"Armor, Steel, Cast, Homogeneous;
Combat-Vehicle-Type (1/4 to 12 inches, Inclusive)," 2 Jan 1953.
(See Part 11, Appendix A.)
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' S§ection 1503

- .. Nonballistic Tests of Armor

High hardness does not insure a high ballistic limit. Fiber
fracture, Charpy, and reduction in area tests, as well as other
measures of mechanical properties, have been suggested as means
of revealing the tendency of armor to spall or crack. These and

a.": additional"tests, such as radiographic and sonic methods of exami-
nation, are described.

I.I
by R. J. Emrich
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Sec. 15.3 - Nonballistic Tests of Armor

One of the important changes in attitude during World War I
was that taken toward the nonballistic testing of armor. At the
beginning, nonballistic tests were regarded with almost complete
lack of confidence; toward the end of the war they were sometimes
used in the evaluation and interpretation of ballistic results.
As previously stated, however, they are still by no means regafded
as infallible. The present situation is summed up in a report1)
reviewing developments at Watertown Arsenal from 1940 to 1945:
"An increasing tendency to rely upon the results of nonballistic
tests to evaluate the ballistic characteristics of armor has been
established during the last years of World War II. It is hoped
that further research will result in the development of more pre-
cise, quantitative, and informative nonballistic tests for armor

Imaterials."

Nonballistic tests are of two general types: (a) those me-
chanical tests which subject the armor to a deformation somewhat
similar to the deformation caused by projectile impact, and (b)
tests of factors such as composition, treatment, and homogeneity
of material, which have been found to affect ballistic behavior.
The latter type of test is employed chiefly to insur% as far as
possible, that all plates of a lot have uniform characteristics
and ballistic properties at least equivalent to the samples chosen
for ballistic testing. The former type of test has been investi-
gated in the hope that ballistic quqlity could be assessed without
having to resort to firing tests °2) This section will be con-
cerned mainly with the former type of test and will consider, in
order, tests which correlate with (a) resistance to penetration,
(b) resistance to spalling, and (c) resistance to cracking.

15.31 - Resistance to Penetration

Undoubtedly the most widely used nonballistic tests of armor
are hardness by indentation (usually Brinell), resistance to im-
pact (V-notch Charpy), and -1timate tensile strength. It hardly

14, u-li-chp"Development of Nonballistic Tests of Armor at
Watertown Arsenal 1940-1945," Watertown Arsenal Report WAL
710/793 (May 1946). This is a companion report to the one on
ballistic testing reviewed in the last section. These two
reports form the basis for the present section.

(2)R. B. Sawyer, "Mechanism of Armur Penetration," Frsnkford Arsenal

Report R-902 (Feb 1951). (See discussion of static punching tests,
Section 2.2.)
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needs repeating that these tests of resistance to plastic deforma-
tion though useful, do not correlate exactly with resistance to
penetration by a projectile. Reference is again made to Figure
15.2-1. An optimum hardness, with drop in resistance to penetra-
tion beyond this value, occurs because of change in the mode of
plate failure. For a particular projectile and plate, the posi-
tion of the optimum depends on the number and size of the imper-

fections present, on the ductility, and on the tendency of the
material to fail by inhomogeneous shear. None of these is meas-
ured by hardness alone. At a constant hardness near the optimum
value, resistance to penetration is known to depend gn chemical
composition and probably metallographic structure.(3)

Although hardness and impact resistance (toughness) are not
infallible measures of resistance to penetration, they indicate
one of the most important factors involved. When the composition
of steel, its metallographic structure, and its soundness are held
within narrow limits, these tests can provide a good indication of
performance. A hardness test is particularly useful since it is
nondestructive and can be employed for testing all plates produced.

15.32 - Resiance to Spallia

I, It has been known for several years that laminations and segre-

tations of nonmetalli inclusions are the primary cause of backspal-
ling in rolled armor.4) Excessive laminations of nonmetallic in-

clusions in armor are also responsible for base metal cracking during

(3)P'or ballistic data on the effect of carbon content of steel on
the perforation limit at a constant hardness level, see:

G. R. Irwin, "Ninth Partial Report on Light Armor," Naval
Research Laboratory Report 0-1778 (Sep 1941).

"The Penetration of Homogeneous Light Armor by Jacketed Pro-
jectiles at Normal Obliquity," Naval Proving Ground Report 14-43
(Jul 1943).
B. R. Queneau and F. C. Albers, "Metallurgical Aspects of Opti-

mum Ballistic Properties in Homogeneous Light Armor," Naval Prov-
ing Ground Exp Memo 1040-44 (Jun 1944).

The indications are that the deviations from direct correlation
with hardness are small so long as the type of plate failure re-

mains ductile.

(4)E. L. Reed, "Correlation of Microstructure and Ballistic Proper-
ties of Armor Plate," Watertown Arsenal Report WAL 710/261 (Jul
1938).
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the welding and flame cutting of armor. In the United States, the
practice of certain firms in correlating ballistic performance of
their plates with the appearance of fractures induced in notched
bend specimens cut from the armor after heat treatment was studied
by the laboratory at Watertown Arsenal, and, after comparison with
other types of test, led to the development of the "fracture test
for steel soundness." This test is required in the current Army
specification(5) for acceptance of wrought homogeneous steel armor
for thicknesses of 1/4 to 12 inches, inclusive.

The fracture test is very simply conducted. Specimens are
flame out from heat treated slabs of armor, notched by flame cut-
ting in from the middle of the two longer sides, and broken under
a press. The purpose of the notches is to localize the fracture
in the plane of the notches. The fractured surface is then ex-
amined and rated as belonging to one of five classifications,
either by comparison with a set of standard photographs or ac-
cording to a description. A slow break is somewhat preferable
to a fracture produced by impact because the laminations generally

. split open more definitely during the slow break. Fracture ratings
which accurately reflect steel quality result only when the armor
is heat treated so as to break in a completely dectile manner.
When laminations of nonmetallic inclusions exist in steel, the
path of the fracture will preferentially follow the laminations
because the stress required to rupture the weak bond between the
steel and the nonmetallics is much less than that required to rup-
ture the homogeneous metal. The laminations will thus open up and
be revealed as splits or shelves on the fractured surface. With
brittle fractures, on the other hand, no preference is shown for
the fracture to follow laminations.

Various other tests, including hot acid macroetching, magna-
fluxing, and microscopic examination, were applied at Watertown
Arsenal in comparison with the fracture test for steel soundness.
Correlations were established between these testa and, where possi-
ble, with projectile-through-plate tests, but the fracture test was
considered the most readily applicable as a quality inspection tool.
The hot acid macroetch test requires considerable experience for
accurate rating, the magnaflux test was found to be too sensitive,
and microscopic examination suffers from the drawback that only a
relatively minute area is examined and the chance of having non-
representative areas is great.

(5)Specification MIL-A-12560, "Armor, Steel; Plate, Wrought, Homo-
geneous; Combat-Vehicle-Type (1/4 to 12 inches, Incl), (9 Mar
1953). See Appendix A, Part I.
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Gensamer and co-workers,( 6) at the Carnegie Institute of Tech-
nology, undertook to find a correlation between transverse tensile
properties of the plate and its spalling tendencies. Investigation
of a series of accepted and rejected plates showed marked deficien-
cies in tensile strength, elongation, and reduction in area in the
transverse direction of spalled plates. Tests showed all plates
having a reduction of area in the thickness direction in excess of
30 per cent passed the ballistic test, and all but one of the plates
having less than 20 per cent reduction of area in the thickness di-
rection failed the ballistic test by back spalling.

This work was continued at Watertown Arsenal in a more exten-

sive program, including notched bar tensile impact tests across the
thickness, static tensile tests across the thickness, longitudinal
and transverse tensile tests, and fracture tests. The results showed
that the reduction of area in the static tensile test across the aage
(thickness) of rolled armor, in general, correlates well with the
back spalling tendency of the armor. The notched bar tensile impact
test across the gage likewise correlated well with the back spalling
characteristics of the armor. The notched bar tensile impact tests
taken in the longitudinal and transverse directions showed no defi-
nits correlation with back spalling tendencies. Similarly, static
tensile testq in the longitudinal and transverse directions did not
correlate with the ballistic properties. The results of the fracture
test for steel soundness correlated well with the back spalling charac-
teristics of the armor, and it was concluded that the fracture test
is by far the most satisfactory indicator of the backspalling tendencies
of armor and the test most applicable as a quality control test for the
following reasons:

(a) Physical tests require the machining of relatively expensive
test specimens. The fracture test specimen can be prepared very quickly
and inexpensively.

(b) Tensile tests across the thickness of armor are limited to

plates no less than approximately 1 1/2 inches thick and are not readily
applicable to very thick armor. The fracture test, on the other hand,
can be applied to all thicknesses of aror.

()M. Gensamer et al, "Final Report on Nonballistic Test for Armor
Plates," Office of Scientific Research and Development Report 2041,
M-87 (Nov 1943).
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(a) Since the tensile test is limited to a relatively small
cross-sectional area, the results of the test may be misleading
since the chance of having a nonrepresentative area included in
the test specimen is high. The fracture test in macroscopic in
nature in that a large cross-sectional area of the armor is ex-
posed for examination.

15.33 - Resistance to Cracking

Cracking is associated with the perplexing phenomenon of brit-
tle fracture in metals.(7) The concept of failure by brittle,
rather than by ductile, process has been introduced by Ludwig.
The flow stress is the stress necessary to make the material flow
plastically. It depends both upon the transverse components of
stress and upon the previous strain in the material. The fracture
stress is defined as the stress at which the maerial would frac-
ture if no plastic deformation were to occur. 8) The fracture stress
appears not to depend upon the transverse components of stress, but
like the flow stress, it is, in general, a function of the previous
otrain. As the load is increased, the material will flow plastically
if the flow stress is below the fracture stress; it will fracture if
the reverse is the case.

The flow stress of steels, all of the same hardness, seems to
depend little on metallurgical structure, while V fracture stress
is markedly affected by metallurgical structure.9) Zornig, Matthews,
and Zener described this by considering the two extreme cases of a
pearlitic and of a tempered martensitic steel.(l0) In the former
steel, the initial fracture stress is only slightly higher (from 10
per cent to 20 per cent) than the initial flow stress for the case
of uniaxial tension. In the latter steel, the fracture stress is

(7)A review of theoretical and experimental work in this field is
contained in the Transaction of ASM, Vol 40A (1948).

(8 )This definition of fracture stress is a useful one only if it
is possible to suppress plastic deformation by introducing an
embrittling parameter, such as a lowering of temperature or the
addition of a transverse biaxial tension, without changing the
resistance to fracture. Evidence that this possibility does not
exist has been summarised by C. Zener in Transactions of ASM,
Vol 40A (1948).

(9)This does not mean, however, that the flow stress is not sensi-
tive to metallurgical structure, but rather that the hardness
correlates well with the flow stress.

(10)H. H. Zornig, N. A. Matthews, and C. Zoner, "Armor Plate Ballis-
tic Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944).
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essentially independent of strain. In the example given, the
pearlitic and the tempered martensitic steels have identical prop-
perties as measured in the conventional tensile test or by the
conventional hardness machines. They no longer behave identi-
cally when a transverse constraint is imposed which prevents any
change in dimensions along one transverse direction, as is the
case when an overmatching projectile strikes a plate normally with
90 degrees yaw (as is essentially the situation when it is incident
without yaw at high obliquity - see Sec. 15.24 and Figure 15.2-4).
Such a restraint raises the flow stress. According to von Mises
(or the octahedral shear stress theory), the rise will be 16 per
cent. The fracture stres6 remains essentially unaltered by this
restraint. Reference to Figure 15.3-1 shows that this 16 per cent
rise in flow stress, which has only a minor effect upon the strain-
to-fracture of the tempered marteneitic steel, has, on the other
hand, a drastic effect upon the strain-to-fracture of the poarlitic
steel. In the latter steel, the flow stress is raised above or
nearly to the fracture stress at zero strain, depending upon the
precise conditions, such as strain rate and temperature. If the
strain rate is sufficiently 'high or the temperature sufficiently
low, the transverse restraint will raise the flow stress of the
pearlitic steel above the fracture stress at zero strain, so the
steel will fracture brittlely with no plastic deformation.

This example illustrates what has been verified by a thorough
correlation study of ballistic and metallurgical characteristics
of armor: armor can successfully withstand severe shock conditions
only if it contains no pesrlite.(ll) The effect of the presence of
intermediate structures, such as bainite, is complicated and is not
well understood.

For a given composition, both the flow stress and the fracture
stress curve of a tempered martensitic steel rise with an increase
in hardness. The flow stress curve rises faster than the fracture
stress curve, however, so the strain to fracture diminishes with an
increase in hardness. The harder a steel plate is, the less able
it is to withstand shock conditions.

In addition to the metallurgical structure and hardness level,
the casting and forging practice also may affect the fracture stress.

(UU)M. Bo~otaky, "Historlcal Review of the Correlation of Ballistic

and Metallurgical Characteristics of Domestic Armor at Watertown
Arsenal," Watertown Arsenal Report WAL 710/795 (Dec 1945).
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Thus, nonmetallic inclusions in a rolled plate always lower the
fracture stress along an axis transverse to the principal direc-
tion of rolling.

The shock resistance of armor, or its ability to deform plasti-
cally at high rates of strain, may be greatly affected by tempera-
ture of test, dependent upon its metallographic structure. Satis-
factory ballistic test behavior at normal temperatures does not pro-
vide assurance that the armor will resist brittle failure at low
temperatures.(l1, N 12)

A. Hurlich, Watertown Arsenal, has developed a "fibre fracture
test" as a measure of the properties of steel armor to withstand U
shock, and this test has been correlated with the results of ballis-
tic shock tests. It is sufficiently simple so that it may be ap- U
plied in the production shop on an adequate number of samples to 1,
effectively control the quality of the armor produced. Ordinarily,
the detection of the presence of high tomperature transformation
products (pearlite and bainite) in sufficient quantities to have a
deleterious effect upon the ballistic properties involves laboratory
techniques, such as microscopic examination of prepared surfaces.

The fibre fracture test merely determines ,whether or not a ,
sample bar, sawed or flame cut out of armor and notched by a saw

A-Z or cutting torch, fractures in a brittle or ductile manner upon
being struck with a falling weight or a forging hammer. The frac-
ture is examined visually and is characteristically one of the

" following.

(a) Fibrous. Characterized by a nonreflecting dark gray,
rough, and pitted surface. The sides of the fracture show the
necking-in associated with ductile behavior.

(b) Crystalline. Characterized by a bright silvery sheen
caused by reflections from facets. The surface cf the fracture
tends to be flat and the sides undeformed. The fracture appears
brittle in nature.

(a) Mixed. Part of the surface is typically fibrous, with
clearly demarked areas typically crystalline.

( e)Loo cit

(12/p. V. Riffin, "Armor Plate - Correlation of Metallurgical

Properties with the Low Temperature Ballistic Shock Charac-
teristics of 1" to 2" Low Alloy Cast Armor Tested at Camp
Shilo," Watertown Arsenal Report WAL 710/534 (Aug 1943).
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These characteristic appearances of notched and fractured steel
samples are noticeable as well in Charpy test specimens cut from
armor plate5 and the type of fracture is well correlated with the
energy absorbed in the Charpy test. A

The correlation of the fibre fracture test results with the
ballistic shook test results at low temperature is illustrated by
the following data.

Table 15.3-1. Results of Ballistic Tests for Resistance to Shock

Fracture RatinR No. Tested No. Failed %.Failures

Cast Armor

Fibrous 15 0 0
Predominately fibrous 4 1 25
Mixed, fibrous and

crystalline 10 8 80
Crystalline 23 19 83

Rolled Armor

Fibrous 17 0 0
Predominately fibrous 5 1 20
Mixed, fibrous and

crystalline 11 2 18
Predominately crystalline 7 5 71
Crystalline - -

As may be seen from this table, the requirement that the frac-
ture be completely fibrous will probably assure good ballistic shook
resistance, even under cold weather conditions. However, the re-
quirement is more critical with respect to the inherent ability of
the material to deform plastically than are ballistic shock tests.
The fibre fracture test is most useful as a control test during
production in evaluating the characteristics which determine the
resistance of the armor to shock.

The Charpy V-notch impact test has been suggested as a means
of evaluating the shock resistant properties of armor,(6 ) and its
correlation with ballistic shock tests has been demonstrated both

(6 cl cit
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at the Carnegie Institute of Technology and at Watertown Arsenal.(6,11)
The notched bar impact properties at -400 F are considered a better
index of shook resistance of armor than room temperature values. The
correlation between the fibre fracture test and the Charpy test is
better, however, than the correlation of either with ballistic shock
tests,

An investigation of another distinctive type of fracture, desig-
nated "conchoidal," was made at Watertown Arsenal. The conchoidal
fracture is characterized by large facets and smooth, bright, curved
surfaces dispersed in varying amounts throughout an otherwise normal
appearing fracture matrix. The fracture was found to be associated

with a precipitate at the prior austenite grain boundaries which
causes preferential fracture at dendrite grain boundaries. Very
poor shock resistance i$ always associated with the conchoidal frac-
ture. The Battelle Memorial Institute conducted a very extensive
iuvetijation of the phenomenon and found that the cor'ic-cdal frac-
ture is caused by precipitation of alum.i.num nitrides at primary
austenite grain boundaries. Faulty deoxidation and poor steel-
making practice are largely responsible for conchoidal fractures

* in production armor. This particular defect was, however, quite

rare, being largely confined to the.output of only one or two com-
1' .panies. ..

The experience of German armor makers during the second world
war has apparently led to the same conclusions on nonballistic meth-ods of testing shock strength. Paraphrasing a translation of a paper

presented at a conferenoc held in Berlint(13) "The visual inspection
of the fracture on statically broken samples of heavy armor plates
often allows a better prediction of the behavior under fire than does
the numerical value or the standard notch impact test. The subtle
differences in the appearance of the fracture are scarcely noticeable
on a photograph, so I shall not present them here."

15.34 - Control of Uniformity: Samoling Procedure

In the preceding sections, nonballistic tests which correlate
directly with ballistic performance have been discussed. It has been
mentioned that none of these correlates well enough with ballistic re-
sults, but that each is useful in (a) sorting out distinctly inferior

(6)LOO cit

(ll) O cit

(13)z. Ioudremont, "The Strain on and the Properties of Armor Plate
Steels" (German Translation), British Intelligence Objectives
Sub-committee report /Gr 2/HEC/4521/5489/9.
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material before further processing, (b) informing the manufacturer
of trouble before large quantities of defective product have been
produced, and (c) helping to control uniformity of the product to
add to the confidence in ballistic tests on samples. In addition
to the mechanical nonballistic tests, other information is recorded
during the manufacture of armor to help assure that the finished
batch will have uniform ballistic properties. The effects which
variations in these factors have on the ballistic performance is
not well understood, and the following is a list of the factors
which have been seen in specifications or which have been proposed.

(a) Chemical analysis of steel.

(b) Heat number of steelpouring temperature, ladle addi-
tions, etc.

(c) Ingot number, position in ingot, and rolling procedure
or casting procedure.

(d) Heat tratment.

(e) Visual inspection to reject plates showing cracks, lami-
nations, inclusions, or ruptures (particularly, machined or ground
edges are so innopected).

(f) Radiographic inspection for inclusions and voids
(chiefly castings).

(g) Sonic testing. The Naval Proving Ground has made some
tests with the Sperry Supersonic Reflectosoope, which detects in-
homogeneities in steel by noting the time taken for a sonic pulse
to be reflected from points below the surface of the material.14)
Good agreement between laminations (revealed as large by the re-
flectosoope) and those leading to degradation of ballistic quality
was obtained on about 70 impacts. If future results substantiate
this agreement, it may be that those variations in ballistic per-
formance which are caused by internal defects or nonuniformities
can be rather accurately predicted before ballistic testing by
careful ultrasonic examination. The instrument used was rather
complicated and delicate, and its continual use might be diffioult
under conditions necessary for the testing of large plates. The
instrument cannot be effectively used on plates less than 2 inches
thick.

)A Study of Nonuniformity in 3.0 and 4.0 inch Homogeneous Armor,"
Naval Proving Ground Report 11-46 (Jul 1946).
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(I How closely each or any of these factors needs to be control- j1
led to provide uniform ballistic properties is a matter of judge-
merit. Reference to specifications issued by the Ordnance Depart-
merit and the Bureau of Ordnance will indicate the limits that have
been set in specific cases. Examples of current specifications are
included in the appendix to this chapter.

The realization that manufacturing conditions play an unoon-

trollable part in determining the ballistic'quality of armor hasI led, both in the United States and in GreatBritain, to the pro-
cedure of "qualifying" a manufacturer before he undertakes the
menufacture of large quantities of armor. ihis procedure consists
I aving the manufacturer produce a group of plates, all of one
thickness and size, and all as homogeneous in quality as possible.
All the plates are then subjected to both ballistic and nonballistic
tests of comparative complexity to establish the ability of the
manufacturer to produce a satisfactory and uniform product. A manu-
facturer must "qualify" for each type and each thickness of armor
he intends to produce.I.!

Acceptance of armor, after qualification, is then based on non-
ballistic tests performed on some or all of the plates of a lot and
ballistic tests on samples chosen from the lot. -In general, a lot
consists of a limited weight of plates, all from one-heat f steel,
all of the same thickness, which have had the same heat treatment
and which are submitted at one time. Samples are selected from the
lot at the manufacturing plant by a government inspector. Sometimes
complicated sections, such as castings, are not themselves iampled
but, rather, a ballistic test sample of convenient size and-shape is
produced under the same conditions. The percentage of the lot sampled
varies, but is usually larger than one plate out of 100.

.
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Section 15.4

Proof Firing of.AP Prgjectileg

Firing trials are performed mainly for three purposes: (a)
to determine the projectiles' perforating ability, (b) to test
cap and band security, and (c) in the case of APHE projectiles,

.-to insure that the projectiles remain in an effective bursting
condition after passing through' the plate..

by R. J. Emrich
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See 15.4- Prof Firing of AP Projectiles

Except for a few general remarks, the only literature on
ballistic acceptance tests for projectiles consists of specifica-

I; tions for the procurement of standard designs.(l) Although such
specifications state quite explicitly what the requirements are for
certain projectile types, it is not their purpose to justify the
particular test conditions stipulated. No report giving reasons
or a general basis for choosing test conditions has come to the
attention of the reviewer.

It is clear from thespecifications, however, that the
tests for projectiles are of a slightly different nature from those
for armor. Whereas the tests used for accepting armor correlate j
closely with definite qualities of the plate, acceptance tests for 'T
projectiles are concerned primarily with end results. The armor
test for resistance to penetration correlatee with the ability of
the plate to resist general and localized plastic deformation; the
test for spalling correlates with imperfections; the shock test cor-
relates with the ability to resist cracking, e. g., plate brittle- A,

ness. Projectile tests, on the other hand, require that the pro-
jectile perforate a given plate (or set of plates) under certain
specified conditions of attack and, in the case of an AP high ex-
plosive (APFH) projectile, that it remain in an effective bursting

condition. Neither of these tests correlates directly with a defi-
nite physical property of the projectile.

The general philosphy of projectile testing is reflected
by the following guotation from a report of the President of the
Ordnance Board:(2

"1. In the Development of A°P. shot the Board obtains a supply of
shot made by the best known methods and from the best available ma-
terials by the most reliable producer.

"When the development trials are complete, and a design ap-
proved, these best quality shot are used by the Board for deter-
mining proof conditions.

R
,€,

i(1For examples of specifications, See Appendix A, Parts III and IV.
*, (2)Report of the President of the Ordnance Board (Great Britain),

1941-1945.
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"This trial is usually carried out against the thickest plate
that the shot will defeat at fighting ranges and a critical strik-
ing velocity obtained at which it is considered that with such shot
there is an even probability of success.

"The result is &,licable only to the particular plate and
shot used.

"In order to quote a striking velocity that will give some
indication of the range at which this performance may be expected
to be achieved by good shot of other makers against average plates,
a margin of about 100 ft/sec is added for all calibers.

"Thus the recommended proof conditions specify the plate thick-
ness and angle and include a nominal striking velocity.

"2. It is intended that proof should be carried out on the fol-
lowing broad lines:

"(i) In each calibre a supply of the best obtainable shot
should be available. These are known as "standard" shot.

f(ii) The proof plate should be calibrated by means of stahd-
awd thn3) and a velocity obtained between success and failure ,

(within bracket of less than 50 ft/sec). This is the calibration
velocity.

f"(iii) The shot under proof should succeed (in perforating)
when fired at the calibrated plate at a proof velocity equal to
the calibration velocity plus an agreed margin."

With the exception that the "calibration" of t1e target
armor with "standard shot" is not universally performed,(4) the
British procedure indicated above seems to be followed, at least
in major outline.

It will be noted that these tests are somewhat analogous
to the "immunity tests" used in armor acceptance, in that the pro-
Jectile perforates under specified conditions or it fails. While

)The British obtain armor for projectile acceptance testing
under a special specification (See Reference 2).

(4)Ordnance Proof Manual 7-17, "Manual of Test Methods of Small
Arms Ammunition," Ordnance Department, US Army, ORD-M 608-PM,
Vol III (Jan 1945). However, see also Specification MIL-A-13812,
"Armor Plate, Light for Testing Small Arms Armor-piercing Bul-
lets," (30 Nov 1954.
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these are essentially yes or no tests in that they provide no
numerical measure of the relative superiority of one projectile
over another, gradations in quality are apparent to a skilled
observer simply from observation of the recovered projectiles
and the type of hole left in the plate.

To repeat, good correlations of projectile failures with
physical properties (similar to those noted for armor) are still
lacking, as are means of assigning numerical values to factors
governing quality. Methods of developing these correlations and
numerical assessments are still in the suggestion stage. It has
been proposed that a "shatter velocity" be used as a numeriQal
measure of the projectile's ability to resist nose failure,(2,5)
and that a "breaking velocity" be used as a definite index of the
projectile's ability to resist body failure.(6) The term "shatter
velocity" will be discussed in Sec 4.2 and See 5.1 (Frankford
Arsenal Reports R-WO4 and R-905), so it requires no elaboration
here. In addition to providing a desired numerical performance
rating for a lot of projectiles, it should correlate with local-
ized and general plastic deformation in shear. Both of these
factors are related to hardness. "Breaking velocity," in the
sense used here, refers to the critical velocity at which a body !4

failure first occurs. It presumably correlates with the ability1* of the projectile body to resist failure in tension, and this
factor is related to bend strength.

It must be emphasized that these ideas have not been
developed to the point necessary for immediate practical applica-
tion as acceptance tests and, in fact, practical difficulties may
even prevent such development. Even if these specific critical
velocities and the presumably related physical properties are not
suitable for the purpose at hand, some tests showing the desired
characteristics should be 

sought.

Lest the above discussion be misleading, further reference
should be made to the information available from observations of
the condition of the projectile after perforation, which was barely
mentioned above. Causes of failure can frequently be inferred by
a skilled observer, and under some circumstances projectiles can
probably be graded, at least roughly, as to quality. Definite

(2)Loc cit

(5)H. W. Euker and T. A. Read, "The Shatter of Caliber ,60 A? Bul-
lets," Frankford Arsenal Report R-553 (Oct 1944).

* (6 )C. W. Curtis, "Terminal Ballistics of Tungsten Carbide Projectiles -

4Body Failures," Office of Scientific Research and Development Report
6640 (Apr 1946).

I55

CONFIDENTIAL



CONFIDENTIAL

numerical ratings and good correlations are, however, missing. Acomprehensive description of the types of deformation occurring
during projectile impact a~d definitions of standard terms are
contained in Appendix B.(7)

Unrelated to the impact of the projectile against armor,
but of primary importance for acceptance, are the "worn gun" tests.

,. These assess the security of the attachment of the cap, the wind-
shield, and the rotating band.

I-

i

(7),Reproduoed from: "Definitions of Terms Used in Ballistic Testing

of Armor - Rev B." Naval Proving Ground Report 10-46 (Jun 1946).
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Section 15.5

Nonballistic Tests of AP rojectiles

Hardness and bend strength correlate with the ability of
a projectile to resist shatter and body failures, respectively.
Electrical resistance and related measurements have been sug-
gested because they provide a means of determining internal hard-
ness. Magnetic and microscopic examinations are used to detect

* cracks and the projectile is sometimes subjected to large tem-
, perature changes to reveal residual stresses. These and other

tests are treated.

by R. J. Emrich
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Sec. 15.5 - Nonballistic Tests of AP Projectiles

whicHardness is the principal nonballistic property of projectiles
which has been correlated with ballistic performance. Hardness in-
dentations (usually Rockwell or Vickers) are made either on the ex-
terior of the projectile or on an axial section after sawing the A.
projectile apart. Magnetic and electrical properties which are re-
lated to hardness have also been used to a limited extent.

Other nonballistic tests, notably compression and bend tests,
are in the process o idevelopment. but these have not As yat been

used for acceptance.l) A variety of other tests related to com-
position, heat treatment,, flaws, and similar properties have been
used to insure uniformity throughout projectile lots.

15.51 - Hardness and Sectional Hardness Distribution

As has been indicated earlier,(I) hardness is related to the
ability of the projectile nose to resist deformation and failure. .I
It is also related to the ability of the body of the projectile to

" resist breakage. This latter relation, however, is an indirect one
only for projectiles of a given composition of steel and-subjected to

SR the same method of heat treatment, will hardness be a reliable cri-
• terion of bend strength. In spite of meager direct evidence, an in-

crease in bend strength is strongly presumed to be accompanied by a
corresponding decrease in body failures. For this reason detailed
attention has been devoted to hardness distribution patterns.

For any given condition of attack, it is generally agreed that

some "optimum hardness distribution" exists. This distribution will 1
always show the highest hardness near the nose and a gradual decrease
toward the base. The details of the "optimum" condition will, how-
ever, certainly vary for different conditions of attack.

Again, a given hardness distribution dqeq not completely repre-
sent the characteristics of the projectile.(2) Only when the type
of steel, its quality, and the method of heat treatment are kept the
same is there assurance that the hardness is a reliable index. Under
these conditions it is a very useful control.

I,

(I)Discussions of such tests will be covered in Sections 10.1 and

10.2, Frankford Arsenal Report R-910.
(2)H. W. Zuker and T. A. Read, "Shatter of Brine Quenched and Air

Quenched Caliber .60 FXS-318 Steel Cores," Frankford Arsenal Report
R-616 (Apr 1945).
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Extensive studies designed to relate hardness distributions
of service projectiles to ballistic tests were carried out in
Great Britain during the years 1942 to 1944. On the basis of in-
formation contained in reports by the NationalPhysical Laboratory
(ritish), it was recommended that the proof firing of 2-pr, 6-pr,
and 17-pr AP projectiles be reduced and supplemented, or replaced
altogether, with hardness measurements made on sawed-open samples
from the lots.(3) Proof along these lines was considered so satis-
factory that the National Physical Laboratory further developed a
method of measuring internal hardness by nondestructive means. The
Armament Research Department also developed apparatus for performing
nondestructive tests, in this case for small arms projectiles.(4)

The National Physical Laboratory (British) procedure combined
a measurement of the electrical resiatance of the projectile (taken
across the bourrelet section), with a surface indentation hardness
measurement. It then compared the result with subsequent indenta-
tion hardness determinations on an axial section of the projectile.
With projectiles from any one maker, having their own character-
istic surface hardness, the resistance values, together with these
measurements, gave an indication of the hardness at the center of
the shoulder.

In the Armament Research Department procedure, the magnetic
retentivity of small arms cores was measured. A comparison was
then made with indentation hardness values obtained on flats ground
along the sides of the cores. The machine developed for this pur-
pose was fully automatic and it was used in the production line to
eliminate cores of insufficient hardness.

Direct or indirect hardness measurements never completely re-
placed firing tests for artillery projectiles, but they served as
useful guides for the selection of samples for such tests. During
most of World War II, particularly when serious dislocations caused
the mixing of steel compositions and improper heat treatment, the
rejection of inferior projectiles and lots was accomplished by elec-
trical resistance measurements taken on apparatus set up in the
manufacturing plants. later, with improvements in heat treatment
procedures and with the maintenance of more uniform conditions in

(3 Rport of the President of the Ordnance Board (Great Britain),
1941-1945."

W)W. N. Hindley, "Quality Control of SAAP Bullet Cores," Armament
Research Department Report MET 9/45 (Feb 1945).
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the plants, it was found that the resistance tests were of appre-
ciably less value.(3) The Armament Research Department hardness

sorting machine, however, was used for final acceptance of small
arms cores after samples from the sorted batches were shown to
have the required Vickers Diamond Hardness. Two trials were made
to obtain a dirgect orrelation between magnetic hardness and bal-
listic results.(5,6) Unfortunately neither trial was properly de.
signed to determine this correlation.

15.52 - Control of Uniformity: Sampling Procedure

Under the present procedure of acceptance, with the lack of
nondestructive and definitive mechanical tests of ballistic quality,
the control of uniformity is of extreme importance. Since the pro-
jectile manufacturers frequently are not steel makers, the provision
of steel in bar form is sometimes accomplished under specifications

separate from those outlining the requirements of projectile fabri-
cation. Particularly in Great Britain, the selection of steels and
the recommended heat treatment for small arms AP projectiles was 4
aided by the use of torsion impact tests.(7)

In addit-ten to the control of the chemical composition.of pro- 1
jecfle steel, the other factors to be considered are:

(a) Steelmaking process. Macroetch tests may be applied to

ingots.

(b) Rolling or forging practices.

(c) Heat treatment. Microstructure is studied at various
stages in the heat treatment process, and finished projectiles are
sawed apart for study.

(d) Process of cap attachment. Caps are frequently soldered

to the cores, and tempering or other metallurgical change must be
avoided during the process. The security of the bond between cap
and core is usually checked by loading the assembled projectile
transversely in the center when supported at the ends.

I

(3)Lc cit
(5)"Magnetic Hardness Testing of A. P. Cores. Penetration Trials

with a .55 inch A. P. S.A.A. Alloy A Cores," Armament Research
Department Report MET 33/44 (Feb 1944).

(6 )"Comparative Performance of a Batch of .303-inch W Mark I Bullets
with AP Cores Divided into Groups by Magnetic Hardness," Armament

Research Department Report TB/AP 8/45 (Mar 1945).
(7)A. Knight, "The Torsion Impact Test," Armament Research Department

Report MET 66/45 (Jun 1945). 63

'CONFIDENTIAL



- .7,

CONFIDENTIAL

(e) Soundness test. After heat treatment, the shot are tested
magnetically, under certain prescribed magnetizing conditions, for
cracks and imperfections or nonmetallic inclusions.

(f) Visual or magnetic inspection of finished projectile for
surface cracks.

The variation that may be permitted in any of these factors is
a matter of judgment. Current Army and Navy specifications leave the
decisions mainly to the manufacturer (reserving, of course, the right
of final judgment), although allowable variations have been assembled
in proposed specifications.(8)

Finished lots of projectiles submitted for acceptance are sampled
by a government inspector at the manufacturing plant. The maximum
size of a production lot is usually specified. For example, for the
U. S. Army 90 mm 4'P projectile, the maximum size of a lot Is 10,000,
and from 5 to 9 projectiles are fired against armor plate; for U. S.
Navy projectiles, the size of a lot is 500, from which 3 projectiles
are selected for plate firing tests. It is sometimes required that
all projectile cores in a lot be made of steel from one heat or a
restricted number of heats, 'nd similar restrictions maybe placed
on the steel used for the caps.(9)

A qualification procedure, such as that used in armor acceptance
testing, is generally not employed in projectile acceptance testing.
However, the first lot submitted by a manufacturer is usually limited
to a smaller size than subsequent lots.

The reasons for basing projectile acceptance in the United States
on such relatively small samples (5 out of 10,000) in comparison with
sample sizes in armor testing (I out of 100) are not apparent from
available reports.

M8 U. S. Army Specifications:
MIL-P-20519, "Projectiles, Armor-piercing, Capped; Metal-parts

Assembly" (4 Dec 1951).
MIL-P-20460, "Projectiles, Armor-piercing; Metal-parts Assembly"

(4 Dee 1951).
MIL-S-13763(ORD), "Projectiles, Armor-piercing, Hyper-velocity;

with Tungsten-Carbide Cores; Metal-parts Assembly" (8 Nov 1954).
(9)See Appendix A, Parts ITI and IV.
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APPENDIX A

Part I

z, :~~Military SPecificat!.on ,MIL-,A,,.1260 ' (ORD)

Armor, Steel| Plate. Ifrought Homoeneous: Oombat-vehicle-type
(1/4 to12 inches. Inclusive)
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WL;A-1660(D)

9 leWoh 1953

dp 11fniiary -IV 5

U. 8. Arviy Specioation

U Novembee' 19145
UP S. Aurv S oltioation

M~hAR~ PUOFIOATON16 Novoer 19149

ARN0R, STRlL; FLATS, WROUGHT HCHOOMMOU;
COMAT-VKICLS T!E .(1714 to 12 mciMS, NCL.)

1,1 This specirication'oovers wrought-steel- combat-vehiole,
I' . *~q-~ o$ homogeneo0us azuor plate. in tb.Soknes,es0 14tflkiness *. ullVa.* JAG~S..

2. .APPUUBALZ 85130ZAUOIU, IOMANMMM, MAWVPsNO, AM~ PUBLICATIONS

2.1 The fco~lowgig specificationsod the issuae In effect on- date of
Invitation for bibs ft -a part of this spsoifloationa

QQK-152. - Mts; General 8PeOfIMAtIOR for Inspection Of

(Copies of secifoiatios stsmdaida, drawings, and pi*1.Iations
required by contaorsa In connection with upecifto prosuzqient
functions shm~ud be obtained from the- procuring agency or as directed br
the contracting officers)

34l Nateriale

*3.4#1 jgfj~jgm ?V60441044 of Imfaetuse shall be msh as to prom
due mr navns an sawly as practicable#, a hogeneou. stractuze

Beouriy Infonefm
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3.1.2 Soundness.- The soundness of all plates# including qualiioatio .

and aacefptae bli.,c test platen and samplesA with respect to
laminations and inclusions shall be equal to or better than the
applicable standard shown in figure 4 when inspected in accordance with
h.L6 Minor scale, pitting, tears or other imperfections on the
surface of the armor that are characteristic of manufacturing processes
shall not )e cause for rojeotion if they are not of such a nature an to
affect the fabriability or serviceability of the materials

3.P 0ualifoatione- Wrought armor submitted under this
speolft 'on shall be produced t- a. manufaoturer whose -'

product has been qualified in aocordance with 4*3,

3.3 Chemical reauireinents.

3,3.1 Cop¢ositons- The ladl.e analysis of all heats shall be within
the limiza stablished by the contractors at the time of qualification,
which shall conform with the requirements of table I In addition,
those additives or hardening agents intentionally added shall be
declared. All limits established by the contractor shall be submitted.
in advance to the contracting officer. The contractor may establish
and submit separate limits for each thickness of plate for which he
desires to be qualified, Changes in omposition shall not necessarily
be cause for requalification but shall be subject to review by the cone-
trasting officer to dater~em whether requalification may be required.

TAZ I Maximm ranges and limits for chemical composition (ladle

Carbon .10 .32*
Man ganese Up to, 1.00% mel. o30 --

Over 1@.0% .o .a
Phosphorus "am .04
Sulphur .0.
Silicon Up to 0,60% inol. .20-

Over 060% to 1 .,00 Ino .30
Over 1.00% .jo -..

Nlickel .50
Chromium: Up to 1.25% In@1o

over 1,25%;,
Molybdenum: Up to 0.20% Incl, o07

Over o20% .15 ---
Vaadium 0.0 oh0

e* 3.29

securlty Informatimn
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3.3.2 Can (check an. .o)*- The carbon oontent determined by cheek
aslysi as 8;XL~oate4 In 4 sh all not exceed Oo34 percent for p.ates
to 4, incluive In thickness and 0*36 percent for plates goater than

41 n thickness,

3.4 dbilitc.- The chemical amposition and heat treatment of the
armor shall b -uoh that the armor will be. suitable for the manufaeturp
of weldments by acoeptable production methods.

3.4 Pysical prtdies.a

3.5.4 Hardness.- The average surfaoe hardness of each plate Including
ballisti'-a'e!oation and acceptance test plates and samples shall be
within the range shown in Table 11 for the applicable thickness. The
diameters of Brinell hardness Impressions detemined an the surface of
any plate or sample shall not vazy by more than 0.l5,m respectively
between the maximum and minim .values, Whn orces-seotion hardness
tests are conducted on ballistic test plates or impaot aamples." or
greater in thickness, the average of all hardness tests, both surface
and cross-seotion, shall be within 4 O.Oimm of the range specified for
the thickness Involved.

TABLE - Brinell hardness r*qulrements.

specified Nominal Brinell Hardness IMt~1 .nentation
Thickess of Plate Rag Diameters

in inches (3000-Kn-Load) Is, M11- Madam

0.2% to loe than 0.5 363 4Mj~ 3.20.- 3.05
0.5 to less than 0.75 3Z4 388 3.30 -30
0.7% to less than 1.2% 331 *375 3,35 .1
1.25 to less than 2.0 9 331 3.5% 3.3%5
240Oto leessthan 40 2d9-311 3.70 3.

40to less than 7@0 2Ll277 .)090 3.6
7.0 to loe than 9.0 223 -262 4@.05 347%
9.0 to 12.0 Indi 212 -.2)48 )4*15 - 385

3.5.2 Dwac rgiltancela The VanOtch Oharp Impact resistance Of aMdu'
submtte 3r Taquiification or for acceptance testing shall met
the requirements @hown in table 11! for the applicable hardness abd
-thickness * When interpolation is necessary9, the curve of Figure 1
(which passes through the intercepts of table 111) $hall be OMPl0od to
determine th6 required impact resistance.

"eWH ft W~me
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TABLE III - linimum Y-notoh Ch ipact resistance raqrements in

ft. lbs. at -40 degrees F. + 2 degrees F.

Brinell Brinell Plate Average of Average of All
Hardness Dianeter Thickness Original Tests Tests When

in Retesting is
Mill imeters Involved

Standard Speoial standara Special
S ecimen Sspeoimen Speoimen

207 4.20 4"1 to 12,, inol 57.5 53.5212 4.15 it " " i" 55.5 51.5
21? 4.10 " t 53-5 49.2
223 4,05 " " " " 50.7 47.0
229 4.0 " " " " 480 ,5
235 3"95 a " " " 45.5 41.7
241, 3.90 " 1 " 43.0 .39,3
248 3.8 " i ta 40.0 36.3
255 3.80 " " " 37.0 33.5
262 3.75 " t a' 34.o 30.5
269 3.70 41, to 12" inel 31.0 a 27,6
277 3.65 " " 't 27.6 24.5
285 3,60 " " " it 24.5 21.0 --
262 3.75 1AI" to less 46.5 43.5 -

than 411
269 3.70 If t t 42.5 39.5
277 3.65 It a " 38.4 35.4
285 3.60 " t " " 34.8 32.3 -
293 3.55 o " " " 31.,5 29,0 --
302 3.50 " a t t 28.0 25.5 --
311 3.45 " " " " 25.4 23,0 --
321 3,40 t " t t 22.7 20.7 --
331 3.35 " " " " 20.6 18 6

.341 3.30 t a f " 18,6 16.6 --
352 3.25 'f it if t 16.7 14.7 --363 3.20 " it If it 15-0 i0,0 130 9.0
375 3.15 It it " i" 13,5 9,3 ii,8 8.3
388 3.10 it i t 12.4 8.5 11.0 7.5401 3,05 it it 11"ii5 7*7 1000 60 7
415 3.00 ft ft t " 107 7.0 9.2 6.0

3.6 alliotio requirements.

3.6.1 Resistance to penetration normal obliquity.- Each ballistic
quallfica ton and acceptance test plate shall be proof-fired for
resistance to penetration, and a ballistic limit, BL(A), shall be
obtained using the applicable projectile shot-m in table IV. Miniu=
requirements for acceptable ballistic limits shall be as shon in that
table.

Security Information
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TAILE IV - Resistarie to penetration; nzOma2. iMant

Nominal tj.ioas :Lim
of Plate Amvmtizn to distance M4±inim= ballitic

be ubed between limit E(A)

~am! e5Image Feete PT per -snd

1A (0.250) a, .30 At X2 3 1,130
5/16 (0.312) " " " 3 1,390
318 (0.375) , of It 3 1,640
7/16 (0.437) "i it 3 1,88
1/2 (0.500) it " " " 3 2,30
9/16 (0.56 2 i " I' " 3 2,330
9/16 (0.562)1 cai, 50 Av K2 3 1 420
5/8 (0.625) " 1 It 3 1,560
1./16 (0.687) " " " "I 3 1,695
A3 (0.750) it it ,, P ' ,825

7/8 (0o875) " " " ' 3 2,o70
1 (1.000) ,, , t 3 2,300

1-X/8 (1%t1 37mm AP M74 3 1,010
I-1A (1'.250) " " o 3 1,100
1-1/2 (1.500) 1i P " 3 1,280
1-$/0 (1.625) i " " 3 1,70
I-3/1 (14 50) ifH to 3 1,14602 (2.000) 3 630
P-1/4 (2.250) " 3 1,790
2-1/4 (2.250)1 57m' AP 7470 3 1,310
2:1/2 (2 500) it to 91 3 1:450
2.3/.4(2.750) I' " " 3 1,580
3 (3 0) of , t 3 1 ,700
3-1/4 (,.250) " It " 3 1:810

3-3A (3.750)4 ?5n A? M72 3 1,525
4 (4.000) of" " " 3 1,600
4-1/4 (14.250)1 11 3 1,,675
4.3A1 (14.750)1 90m A? 7477 3 1,800
5 (5.0o0) " " " 3 1,900
5_1/4 (5.250)- of 11 3 2800

Value for 1terpolation rely.

3#6,2 Res itanoe-to.-obl ue-attadk tea t.- Ballitlio qualification and
acceptance test p s j" *to .,1 Inolualve fn thilcness shall be proof-
fired for resistance to oblique attack, and a ballistlo limit (P)
shall be obtained using the projectile shoam In table V. .inimum

Securlty Infor~Iticf
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requirements for acceptable ballistic limits shall be as shown in
that table.

TABLE V - Resistanoe-to-oblique attack.

Nominal Ammunition Obliquity- Minimum Ballistic
Thickness to be Limit BL(P) -
of plate used
Inches Degrees Feet per second

2-3/ (2.750)* 90mm APC .482 45 2,100
3 (3-.000) * " " "5 2,300
3-IA (3.250), " " " 45 2j50o
3-3/A (3-750)* " " 30 2,000
4 (4.000) , , ,,30 2,100
4-i/A (4 .250)* 3 " " 30 2,200
4-3/4 (L.750)* " " 30 2,i0o
5 (5.000) " " " 30 2,500
5-1/A (5.250) it ,,t 3o 2,600

For purposes of interpolation only@

3.7 Dimensions and permissibe variations.

3.7 Dimensions.- Plates shall comply with the dimensions shown an
the drawTnibr'ecified in the contract or order.

3.7.2 Thickness.- The thiokness of any plate, including qualification
and acceptance bal istic test plates) after final heat treatment shall
not vary by more than the amounts shown in table VTI.

TABLE VII - Thickness tolerance.

Specified Plate Permissible Variation
Thickness - (Plus or Minus) -

Inches Inches

0.25 to 0.500 itol. 0.015
Qreater than 0.500 to 1.125 in, l 0.020

" 1.125 to 1.499 ine. 0.025
if" I.99 to 1.749 inol 0.030
" 1.749 to 1.999 incl. 0.035
if 1.999 to 2.999 Inci. O.0
" 2.999 to 4.000 incl. 0.04
" 4.0 to 6.0 mnl, 0.075

" 6.0 to 8.0 icl. 0.083
" 8.0 to 10.0 inol, 0.098
" 1,00 to 12O inol. O.122

Security Information
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3.8 Information resuiredo- A statement showing the ladle analysis of
each .ielt and complete details of the heat treatment of each lot shall
be furnished for the files of the contracting officer. All elements of
the ehemical composition adiall be shown in the statement, including
special additives or hardening agents1 whether shown in table T or not*
Unless otherwise specfied, this information shall be forwarded on an
approved form and with the ballistic test plates to the proving ground
making the ballistic test.

3.9 Wor manship.

3.9.1 Heat treatment.- All plates in each lot, including samples,
shall reovo the same eat treatment except for such Variations in
tempering temperature as may be neoessary to produce the prescribed
hardness, The hardening temperature may vary within a range 50 degrees
above the temperature used for ballistic test plates, but in no case
shall it exceed 1700 degrees P.

3.9.2 Heating.- Local or general heating shall not be performed after.
t he finaqiueinohing and tempering operation, except as provided
elsewhere in this specification. A detailed outline of the procedure
to be used in each operation of the following processes shall be
submitted in writing to obtain authorization.

3.4.2. le g e aratioft.- qgen cutting or beveling of edges' shall
be permitted arer final heat treatment provided the procedure is such
that no cracks develop on any oxygen.-out edge. Stringers that occur an
prepared edges which do not appear as cracks on the prepared edge and
which do not exceed the 1lits of acceptability specified in 4.8 shall
not 'e sause for rejection.

3 9.2. epaiin.- Weld repairs shall be made ony when authorised
by the Chieiorthie Supply Service involved.

3.902e3 ' .,- Forming after the final quenching and tempering
operation Mai not be done except when authorized by the Chief of
the Supply Service involved*

4. SAinLWO, INSPECTIWN, AND TEST PROCEDURES

4.1l' ps.- Mnspeotion under this specification shall be for the
purpose 013

(a) Qualification of a facility as a manufacturer of wrought
armor plate.

(b) Primary acceptance of steel for processing as armor plate.

(o) Acceptance of Individual production lots.

.2 eneral.- Inspection and tests shall be made in accordance with
the re"umnts of Federal Specification QQ-K-l1, unless otherwise
specified herein.

Security Information
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4*2.1 Responsibility for inspection and tests.- UMless otherwise
specified or authorized, the responsibn"lty for having inspection and
tests performed shall be as specified in 4.2.1.1 to #.2.1.3 inclusive.
The results of tests shall be obtained before the material is shipped
from the plant having responsibility for them unless otherwise specified.
The right is reserved to perform inspection and tests at other places
at the discretion of the contracting officer.

.2.1.1 Chemical anal.sis and fracture test.- Chemical analysis and
fracture tests for steel soundness shall be the responsibility of the
plant where the steel is made.

4.2.1.2 Impact and hardness tests.- Charpy impact tests, and hardness
determinations shall be the responsibility of the plant where the
plate is heat-treated.

4.2.1.2.1 Qualification iMaot tests.- Charpy V-notch impact tests
for qualifica on for all thicknesses shall be made at a laboratory
designated by the procuring agency,

i,2.1.3 Ballistic tests,- Ballistic tests, shall be the responsibility
of the plant where the steel is heat-treated and shall be made at a
place to be designated by the Chief of the Supply Service involved.

1.2.2 dentification of material.- Identification marks and re~ords
shall be such as to insure posiltve identification of all plates, in-
eluding ballistic test plates for qualification and primary acceptance,
samples and specimens with the lot and corresponding heat from which
they were produced. The key to identification symbols shall be furnished
to the inspector prior to submittal for inspection and test,

4.3 &uaificaticn.

4.3.1 Thickn~esses to g.929" inclusive.- To qualify for thiknesses tO
5o99" cluive, te manuraetuWer shal submit ballistic test Plates

and impact test samples as specified in table VI which 
meet the

requirements of this specification. Impact test samples shall be out

from ballistic test plates after heat treatments

4.3.2 Thickness 6" to 12" inclusive,- To qualify for thicknesses 6" to

12" inlusive, te manufactlurer sall submit three samples for each

thickness he proposes to make in increments of 2 inches which meet

the requirements of this specifications Samples shall be equal in

thickness to the maximum thickness to be qualified within each 2-Incit

increment.

.O- Security Information
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TMZ VZ - Ballistic toot plates and saMles for qualitication

Thiokness No. of Nos of Minimun Sie To Qulify for
of Plates Ballistic Impaot of Ballistic Thicaines Aang.

and Test Test Test Plates
Samples 0  Pl ates Samples Inches_ er, plat eee(neo

3/8" 3 1 18 x 36 925 to lees than .50
5/8" 3 1 18 x 36 0.5 to less than .75

1,0" 3 1 18 x 36 0.75 to less than 1.25
1.5" 3 1 18 x 36 1.2 to lees than 2.00
2" 3 1 18 x 36 2,00 to 2s99 inco

, 3" 3 1 48 x 60 3.00 to 3.99 med.
41 3 1 48 xd 60 4o'0to 4#99 inal.

," 3 1 48 x 60 5.00 to 5.99 Inal.

At the option of manufacturer, the exact thickness to be rolled within'
any range may be substituted for the specified thicklness of that range,

4.3.3 at@ regresentation,- Test plates or samples for qualification,
tosting all be mae of eIne same chemical composition, by the same
oteo .a&l ng prooeeu, and with the ame heat treatment as will be used
for the production of wrought armor under this specifioation*

4.3.4 eat treatment.- All qualification toot plates or samples sb.-
mitted as a group representing a single range of section thicknesses
shall receive the game heat treatment.

4.4 rimary aee2 ee,= 4Prior to the production heat treatment of
any thleness ori ar neat of steel for armor plate the charpy impaet
resistance, hardness, soundness# and ballipte oreporties shall be'
determined in accordance with .6, .? 4.8, and 4.9 respectively.
Material tested for impact resistance, hardness, and ballistic
properties shall have received the same heat treatment, including
the greatest time lag between the removal of the material from the
austenitioing furnace and the application of the quenching medium, that
will be used in production for the lot it represents.

;.;.1fln the case of an integrated plant where all material frau a
heat is to be heat-treated at the same time; Impact and hardnes 'test.
for primary acceptance shall not be required. In such ases
acceptance for impact resistance and Lardness shall be based on the
results of tests conducted an produdtion material. Testing for
acceptance for steel uoundnes8 and ballistic resistance shall be as
specified in l4oh, except that ballistic test plates may, at the optien
of the manufacturer, be heat-treated with the production plates of
the heat they represent. (See 44 ,3.)

RESTRICTED
V



WL-A-12560(on) R SRCE'!, RESTRICTED

4.h.2 A lot for purposes of primary acceptance testing shall consist
of all steel of the same heat, of the same thickness, and intended for
the same production heat treatment.

4 5 Production accep ace.- Each lot of production armor plate shall
be ;este for charpy impact resistance and hardness in accordance with
4.6 and 4.7.

4..1 /A lot for purposes of production acceptance testing shall
consist of all steel of the same base type composition, of the same
thictness, having the same treatment and heat treated in the same
faoility The maximum size of the lot shall be as specified in
table VIII,

4.6 charpy V-notch impact test

test. Frequency of tests for aoceptance testing.- At least 2 impact
test ape=an$ shl beaen from each sample in each lot. The
number of samples per lot shall be as shown in table VIII.

TABLE VIII - Frequencyof sampling

Area or Weight of Individual
Plate, as Heat-Treated Minimum Number of Samples

Oreater than 60 square feet I from each 25 plates
0reater than 6 to 60 square feet .1 from each 50 plates
1 square foot to 6 square feet 1 from each 100 plates
1 square foot or less or 10 .lbs

or less 1 from each 500 plate.
4.6.1.1 The product of no heat shall be completely accepted withoutbeing represented by at least three impact test samples cut from pro-duction Plates after heat treatment# Each heat treating facilty

shall conduct impact tests on at least one sample from each heat
processed in that facility.

4.6.2 Number of tests for Qualification testingw. ne sample shall be
cut from eaoh quatioation balIstic test plate*. At least four
iMPact test apeahmens shall be taken from each sample.

4 6 3 Number of tests for primary acceptance testin..- Except asprovided In 4.4.1, one sample shall e taken from he top of the
first uable ingot; one from the middle of the middle usable ingot,
and one from the bottom of the last usable ingot in the heat, At
least two impact test specimens shall be taken from each ,sample.

4.6.4 Additional sam es.- In addition to the eamples required above,
further samples may to 1eleoted, as required .by the contracting-
officer or the inspector.

$ ocurIty InformationR.ESTRI.CTED
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4.6.5 Reduced impact testing for acceptance,- If the results of
Impact t a on consecutive lots 'nd'Qaze tcat a satisfactory
uniform product meeting the impact requirements is being produced, the
number of impact tests may be reduced at the discretion of the Chief
of the Supply Service involved,

4.6.6 Size of samples.- The samples shall be the same thickness
am the plates they represent and of sufficient size to allow the
number of test speolmens required by 4,6.1 or 4@°6.2 to be taken from
them in such a manner that no part of any test specimen shall be from
a location closer than 4 inches or 2T, whichever is less, from arW
quenched edge, as well as outside the heat-affected sone of Why
xygen-out edge. (See 6,5.)

4*.6.? Location of test specimens.

4.67,1 Sampes less than 4" in thickness..- Specimens from samples
less, than 7 'Ln thiokess shAll be taken from a location midway
between the top and bottom surfaces of the plate and at least4" or 2T,
whichever is less, from any quenched edge as well as outside the heat-
a*feoted zone of any oxygen-out edge.

4.6.7.2 Samples 4" or greater in thicknesse- Specimens frm samples
4" or greater In ETxioness shall be taxen Nom a location such that the
centerlines of the specimens are approximately 11" below the surface of
the plate and at least 41" from any' quenched edge as well as outside
the heat-affected son. of any oxygen-eut edge.'

* 4.6,5 7pe of specimens.

4.6.8.1 Standard smcimens.- Dnpaot specimens from samples 7/16" in
thickness or over sAll e machined to the form and dimensions phown
in figure 2a. Specimens shall be out in a direction sch that the
fracture face of the specimen shall be parallel to the direction of
major ratio of reduction in gage during working. The notch shall be
out perpendicular to the plate surface. (See 6.2.)

4.6.8.2 speial spboimens.- Imaot specimens from samples less than
716" shallbe macinedo t the form and dimensions shown in figure 2be
Special specimens si;ull be cut in a direction such that the fracture
face of the specimen shall be parallel to the direction of major ratio
of reduction in gage during working. The notch shall be out parallel
to the plate surface.

4,6.9 Cooling and fracturing of specimens.- Each specimen shall be
brought to a temperature of -4U degrees + + degrees F. and maintainoc1
at that temperature in a liquid cooling medium for a period of at 1etst
15 minutes prior to being broken. Specimens shall be broken in a
beam-type impact testing machine within 5 seconds after removal from
the cooling medium.

Socurity Information
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4.6.10 Interpretation of test results.

4.6.10.1 Raiflcatione- The iipact resistance obtained on all
specimens, taken from samples of the same thicless, which ware sub-
mitted for qualification at the same time, shall be averaged. Failure
o: this average to meet the minimum requirements, for the appropriate
hardness range specified in table 1II, shall be cause for rejection of
the lot represented by the specimens. The hardness shall be the
average of all hardness readings determined in accordance with
4.7.1.2 and 4.7.L.2.

4.6,10.2 Primer. acot.tanoe.- The impact resistance obtained on all
specimens ta n rom,eac samle shall be averaged,. Failure of the
average obtained on any sample to meet the minimum requirements, for
the anpropriate hardness range 'specified in table 111) shall be cause
for rejection of all material from the heat which is taken from the
same ingot location# In the event of such a failure all material
bracketed by two acceptable samples shall be considered acceptable. The
hardness shall be the average of all hardness readings determIned on
each specimen in accordance with [4.7.1.2.

4.6o..l3 Produtio ce tance*.- The impact resistance obtained on
all specimens Nom lot shall te averaged. Failure of this average
to moet the minimum requirements, fcr the &propriate hardness range,
specified in table III# shall be cause for rejection of the lot
represented by the specimens. The hardness shall be the average of all
hardness readings determined in accordance ith 4.7..2 and 4.7.4.2.
4.6;l0.4 In the event that the fracture of a test specimen exhibits

a lamination which is revealed as an open splitl or sharply defined
shelves extending the full width of the fractured surface additional
test specimene shall be prepared from the same sample until a satis-
factory specimen is obtained to replace it.

4.7 Hardness tests.

4.7.1 Frglueny of tests.-

4.7.1.1 Production plates and ballistic test plates.- Each plate in
each lot, including acceptance ballistic test plates and qualification
ballistic plates, shall be subjected to a Brinell hardness test in not
less than two places on each face. Hardness tests may be made on the.
surfaces of pieces out from the plate after heat treatment.

4.7.1.1.1 After it has been established to the satisfaction of thA
Government inspector that uniformly identical readings are obtained on
both faces of plates he may, at his option, require that Brinell
hardness testing be conducted on only one face. When this practice
is used periodic check tests on both faces shall be made to insure
that uniform hardnesses are being maintained.

Seocurity Informotlon
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4.7.1.2 Samples for impact test.- Each sample from which impact test
specimens are taken shall have a cross-section hardness check made
upon it, as follows: For samples less than 7/16" in thickness, a
minimm of two hardness readings shall be taken on the surface. For
samples 7/16" or greater to 3.991" in thickness, a minimum of two
hardness readings shall be taken from a location midway between the
srfaces of the plate. For samples 41" or greater in thickness, at
leastj hardness readY-- equidistantly across the thickness of the
p! /"_s all be average hardness samples 41 or greater in
thickness shall fall within a range of + .Omm of the range specified
for the thickness involved.

ls.7,2 Preparation for testing.-

4.7.2.1 Surface hardness.- Prior to testing the surface hardness of
plato,, all"surface scale and decarburization shall be removed from
the areas where the tests are to be made.

.4.?.2.2 Cross-sectional hardness.- Sections upon.which cross-sectional
* hardness' tests are to be made shall be surface ground with the opposite
faces parallel to one another.

4.7.3 rethod of test.- Brinell hardness to-ts shall, be made with a
standard nell hardness testing machine, using a I0m carbide ball
and a 3000-kiorpam. load.

L.,4 Interpretation of test resultsl,

4*7.4,1 Surface ha ass of Production Llates. and ballistic test
plates,- The Aardness values obtained on each plate shall be averaged.
.ilw eaverage thus obtained is outside the range specified in Table IT,
or if the diameters of Brinell impressions made on any one plate vary
by more than O.l0,m between the maximum and minimum values, the plate
shall be subject to rejection.

4.7&.42 a les for impact tests.. The hardness readings obtained in
aGo mO e with .7.W on all samples except primary acceptance test
samples shall be averaged. For primary acceptance test samples the
readings obtained on each sample shall be averaged separately (see
4.6.10.2). The average thus obtained shall be used to determine the
level of impact resistance applicable to the lot as specified in
Table III,

SacueIty InorMation 3
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4.8 Fracture test for steel soundness.

4.8.1 Location of specimens for acceptance testing.- Specimens for
the fracture test Tor acceptance testing shall be taken from plates
from the top, middle, and bottom of the first, middle, and last usable
ingots of each heat. Each fracture test specimen shall be cut from a
location in the plate rolled from a slab so that the centerline of the
sample falls within the central half of the length of the plate product
of the slAb in the case of cross-rolled plate and the width of the plate
product of the slab in the case of transversely spread and longitudinally
rolled plate. The test specimen shall be from the edge corresponding
to the top of the slab in the case of top-slab and middle-slab products
and from edge corresponding to the bottom of the slabs in the case of
bottom-slab products, (See figure 3.)

4*.8.1 When an ingot is processed into a single plate, specimens fm
fracture tests shall be taken from locations representing the top and
the bottom of the ingot only and from locations as specified In[.8.,.

.8.2 Location of specimens for qualification testing.- Specimens for
the fraotu-e test ror qual-iiaton testng sh al be ou from a location
in the plate rolled from a slab so that the cnterline of the sample
falls within the central half of the length of the plate product of
the slab in the case of cross-rolled plate and the width of the plate
product of the slab in the case of transversely spread and longitudinally
rolled vlates

4A6.3 Si & of' pecimenso- The fracture 'est specimens shall be of the
full thic kes or" the plate, and a convenient length for fracturing under
the press available. The long dimension shall be parallel to the
direction of major ratle of reduction in gage. Dimensions of specimens
shall be such as to provide, after notching, the tollowing minim m
width of fracture surface, as shown in table MX.

TABLE IX - Width of fracture surfaces.
Plate .c..ess (Inches) Finimum itH or

FMacture Surface (Inches)

1/h to 11/16, inclusive . 3
Greater than 11/16, to 1-1/8, incl. 4
Greater than 1-1/8, to 2, incl. 5
Greater than 2, to 12, inl. 6

4,8.4 Preparation and fracturing of specimens.- 2he specimen shall be
nicked i from the edges of the specimen at the center of, and per-
pendicular to, the longitudinal axis and shall be broken slowly in a
press. In addition to the nicking prescribed above, specimens greater
tVin 4" in thickness may be nicked on one surface to a depth not to
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exceed 1/2" to facilitAte breaking. Ie steel boundness shall be ratdd

only on fractures exhibiting a fibrous appearance. To avoid ,.-stalline

fractures, fracture test specinens may be softened by temperiag 
at any

desired temperature.

i4 b.5.Standards for steel soundness*- To determine compliance with

313,s all- fractures mada in conneson with inspection for acceptance
under this specification shall be rated as "acceptable" or "rejeotable"
by the insepotor in accordance with the line drawings shown in figure 4.

4.8,5.1 Descriptions.- In borderline cases, the following descriptions

of the standaxts slall be used in making decisions as to acceptability

or Vejeotability (see figure Ws

A Fracture
(a) Devoid of visible laminations.

B Fracture
(a) Small laminations present but well distributed and not

concentrated in any one plane.
C Fracture

(a) Lamination or laminations present exceed limits for "B"
fracture.

(b) No single lamination exceeding 2T in length or 3"
whichever is less.

(a) No single lamination exceeding 1-1/2T or 3" in length,
whichever is less, in conjunction with another,disconnected
lamination in the same plane.

(d) No lamination or laminations in any one plane wIth a,
total lenth .exceedine 0 .ercent of lenxth of traqture.

V-1 Fracture
(a) Lamination or laminations present exceeding limits

for "0" fracture but contained entirely within the
center third of the plate cross section,

.(b) Continuoue or ssentially continuous laminations (total
length of lomination or laminations in same plane
exceeding 50 percent of length of fracture, or 3",
whiohev ir is less) in not more than three planes, all
of which are entirely within the center third of the
plate cross section.

.D-2 Fracturi
(a) Lamination or laminations present exceeding limits for

"C" fracture, with one or more planes of such laminations
located outside of the center third of the plate cross
section.

(b) Continuous or essentially continuous laminations
(total length of lamination or laminations exceeding
50 percent of length of fracture) in not more than three
planes, one or more of which is located outside of the
center third of the plate cross section.

E Fracture
(a) Continuous or essentially continuous laminations (total

length of laminati6n or laminations in same plane
exceeding 50 percent of length of fracture) in not more
three planes located anywhere in plat& cross section.

Socurity, information
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4.8..2 Thickness in heat.- When a heat is rolled into more than one
thickness, the product of each thickness$ for the purpose of fraoture
soundness tests, shall be considered as a separate heat and the standard
prescribed in 4.8*5 for the applicable thickness shall apply.

44.3 Rejection.- Failure of any fracture test specimen to meet
the standardis sown in 4.8.5 shall be cause for rejection of the pro-
duct of the slab represented.

4.8.5.3.lIngot locations- In case of failure of one or more of the
three specimens aom a given ingot location, the following procedure
shall applyt

4.8*5.3,1*1 R1e0table.- The product of all slabs bracketed by two
rejeotable fracture speoimens shall be subject to rejection.

4.8.563.1.2 Acceptable.- The product of all slabs bracketed by two
acceptable fractre -specimens shall be considered acceptable with
regard to freedom of laminations and injurious inclusions,
6,3IoJ Border-line.- When slabs of a given ingot location are

bracketed by one acceptable and one rejeotable fracture test specimen,
a fracture test shall be made on a specimen from the same location in
an ingot in the middle of the group bracketed by original test
speoimens and the test specimen from the middle of the group.

4.8.5.3.2 Slab braoketina.- In bracketing tested slabsoe from
which factured test specimens have been taken and tested in accordance
with 4.8,1 to 4.8,4 inclusive, the following procedure shall applys

4.8.5o3.2.1 Ingots of six or more slabs.- Product to be bracketed
between tested s ae of the same ingot, as well as between tested slabs
from the same location in other ingots. Should a slab be bracketed in
one direction by two acceptable test slabs and in the other by one
acceptable and one rejeotable test slabs the slab thus bracketed will
be considered rejectable, unless otherwise definitely indicated by
additional fracture tests.

48o o3o2a2 inots of five slabs.- Product to be bracketed only
between tested slabs in the same igot position. Acceptability of
the No. 2 and the No. 4 slabs shall be determined by the results of
the fracture test on the bottom of the No 3 slab.

4*.8.3.2.3 ingots of four slabs.- Product to be bracketed only
between testediI-- s in the same Ingot position. Acceptability of the
No. 3 slab shall be determined by the results of the fracture test on
the bottom of the No. 2 slab.

4.8,., Rejectlon of individual plates.- Any plate from which an
unacceptab au ei toot sample I a Ben out shall be subject to
rejection*
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4.8,,5,5 Accntance of individual plats.- individual plates from an
Ingot I.ca 1 3u7,';R'"9-rejection und 4.8,5.3 may be accepted if
an acocptable fracture test sample has been cut from them, provided no
rejec'Io-ble fracture test sample has been cut from them.

4.9 Ballistic test. (See 6.3.)

4.9.1 Ballistic test plates for qualification.- The number and sizes
of ballistic test plates for qualification shall be in accordance with
the requirements of table VI.

4.9.2 Ballistic test plates for primary acceptance.- Each primary lot
of armor shall be represented by one ballistic test plate of the
thiokness of the lot involved. The size of the acceptance ballistic test
plates shall correspond to the size given in table VIe

4.9.3 Ballistic test plates for qualification and primary
acceptance tests shall be tested to determine compliance with the
requirements of 3.6. (see 6.4).

494Definitions.,

4.9,41 A ,my a An ArM complete
penetration will have been obained when a hole is made that allows
the passage of light through the test plate, or when any part of the
projectile in the plate can be seen from the rear of the test plate.
if it in questionable whether any part of the projectile can be seen,
the round shall be disregarded and another round shall be fired.

4.9.4.2 Protection completa penetration, CP(P).-A protection
complete penetratiog is an impact that causes any fragments of pro-
jectiles or plates to pans beyond the limits 'of the back of the plate.
This condition shall be determined by perforation of a 0.020-inoh h2.ck
aluminum-alloy sheet (24ST or equivalent) placed 6 inches to the rear
and parallel to the plate, or the equivalent thereof, at the discretion
of the proof officer.

4.9.4.3 Partial penetration, PP(A) or PP(P).- Any fair Impact that is
not a complete penetration shall be considered a partial penetration.

4.9.4.4 Fair impact.- An impact which is three calibers or more away
from anothi paot'r two calibers or more away from any plate edge
is a fair impact.

4.'4. Ballistic limit EL.- The ballistic limit is the average of two
velocities7,ffo 1i h' te owest at which a complete penetration 4

cocurs, and the other the highest partial penetration below the complete
penetration. The difference between the two velocities shall not exceed
50 feet per second when projectiles 37mm in diameter or less are used, or
30 feet p~r stecond when projeotiles greater than 37mm in diameter are used.
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4.9.46 Impact velocities.- The required impact velocities for

ballistic MnIU7tables IV and V) between two consecutive tabulated
thickncsses, shall be determined by the correction fabtors shown in
tables I and II.as applicable.

ri IAffs" doerm kAt/i,.
4.9.4.7f1he average thickness of test plates shall be the average of

five thickness measurements, one at each corner of the plate, 2 inches

from either edge, and one at the center. Thickness readings shall be
taken to the nearest 0.01 inch.

4.9.4,8 Cracking - Cracking of ballistic test plates to such an
extent tha, in te opinion of the proof officer, satisfaotory ballistic
limit determinations cannot be made shall constitute failure of the
ballistic tests and the rejeo~ion requirements of 4.9.5 or 4.9.6 shall
apply.

S4.94. Laminations or inclusions@- When the ballistic tests reveal
injurious laminatlons or inclusions in any test plate that in the
opinion of the Chief of the supply service involved, are detrimental
to the strength, ballistic properties or serviceability of the armor,
the material represented by the plate shall be subject to rejection,

4.Jo5 Failure of qualification test plate.- Failure of any one of the
qualification ballistic test plates or test samples to meet any of the
tests when inspected in accordance with this specification shall be
cause for rejection of the manufacturing process represented by the
thickness of the failing plate or plates. No retesting of the
originally submitted qualification ballistic test plates shall be
permitted. To achieve qualification, the mahufacturer must submit 3
new ballistic test plates all of which shall pass all tests ou'lined

4 in this specification,

4,9s6 Failure of primary acceptance test plates.- Failure of th
primary acceptance vallistic test plate To meet any of the tests w;ien
inspected in accordance with this specification shall be cause for
rejection of the lot represented by the failing plate.

4.10 Retesting.

4.10.1 Hardness.- Plates rejected for low or high hardness may be
retested ithou retreatment at the option of the contractor. Under
such conditions twice the original number of hardness readings shall
be taken and the results of all readings taken on the plate shall be
averaged to determine compli-ince with the requirements of table II.
Plates rejected for high hardness may be retempered, in which case
only those readings taken after retempering shall be used to determine
accepr;;bility. Platos rejected for low hardness may be requenched and
ratempsred, in which case testing shall be conducted in accordance with
the re~uirements for original testing.

.curlt Information-18 RESTRIGTED
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4.10.2 Prmary and production impant resistance,.. A primary sample
or produoTM lot rejected for low impact r s hce may be retis~ed
without retreatment by taking not less than six additional specimens
from the stool under consideration. Additional specimens shall be
taken from the same sample an the original teats. If the average
impact resistance of all tests from the sample meets the requirements
of table III for the appropriate hardness range, the primary sample or
production lot shall be accepted, otherwise it shall be subject to
rejection.

4.10.3 Ballistic properties.- A primary lot rejected for failure of
primary acceptance oalstic test plates to meet the requirements of
3.6 may be retested using the same heat treatment at the option of the
contractor. Under such conditions, two additional plates shall be sub-
mitted from the lot under test. Failure of either of these plates shall
be cause.for rejection of the lot represented and no further testing
shall be permitted on the material using the same heat treatment#

4.lO.4 Retest after reheat treatment.- A primary sample or production
lot that has ben rejected may -e reheat-treated by quenching and
tempering and resubmitted for test in accordance with the requirements
for original testing. Failure of samples and or ballistic test plates
after reheat treatment shall be cause for rejection of the lot they
represent. However, production plates rejected for failure to meet
the impact resistance requirements may be accepted individually on the
basis of tests made on each plate.

.4.104.1 Production plates that are retempered only to meet the
hardness requirements shall not be subject to retest for impact
resistance. Product.on plates requenched and retempered to meet the
hardness requirements shall be tested for impact resistance and
'hardness as a new lot.

4ell Check analymsi for carbon content.- The sample shall be taken
* by drilling or milling completely throug the plate at any location.

Surface chips shall be discarded and the remaining chips shall be
thoroughly mixed before analysis.

5. PREPARATION FOR DELIVERY

5.1 Preparation.- Unless otherwise specified all machined surfaces
of plates shall be coated with a suitable preventive to insur! against
corrosion during transportation, Machined surfaces shall be clean and
free from moisture before this coating is applied. The preventive
coating shall be such as can be easily removed.

5.2 Packing for shipment.- All plates shall be packed for shipment
in suon a manner as toInsure acceptance by common or other carrier)
ior safe transportation, at the lowest rate, to the point of delivery.

5.3 Mrking for identification.- Plates (green and heat-treated)
shall. I '"Ti e."& ---- =i, ymarked with the melt, heat, and lot
number or symbols that will definitely identify the plates with
inspection and test reports and with shipping documents.

6. NOTES

6.1 Intended use.- The armor specified herein is for use on combat
vehicles, emplacements, and the like. It is for protection against
armor-piercing projectiles, bursting shell, and fragments of high-
explosive ammunition. Security Information
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6.2 mpact specimen.- Tolerances on the notch of the Charpy impact

test spimons Famy echecked by means of a comparator or metallosoope
at a magnification of at least ten in the following manner: Project
the profile of the base of the notch on the ground glass; fit a
circle with a radius .10" (10X) drawn on transparent paper to the
profile of the notch base. Deviations of .001", from the standard
.01" radius can be detected by this means. If there is any question
as to the radius, it may be compared with circles of ,09" and eIi" (lOX).
At the time the radius is measured, the notch may be'oheoked to
ascertain that the sides make an angle of 45 degrees and are tangent
to the are at the notch.

6.3 Ownership of ballistic test pates.

6.3.1 Cualification test plates.- Qualification test plates are the
property of the manufh& turer seeking qualification. Arrangefents should
be made by him to have them returned at the conclusion of ballistic ests
or to authorize, in writing, the scrapping of the plates by the provUing
ground making the tests.

6.3.2 Acceptance test plates.- Acceptance test plates that comply with
the requirements of this specification are considered as pat of the
lot of steel they represent and owership of them passes to the
Government with the acceptance of that lot. Acceptance test plates
that fail to comply with the requirements of this specification are
considered as part of the lot they represent and remain the property
of the producer just as does the reJectable lot they represent.

'6.4 Aoee2ta3.l jri&*- hen the ballistic limit is aetual lars
than that called for by applicable requirements, the plate may be aecepted
under border conditions as follows.

6.4.l CA9teriga On 50 fl/ differenoe.- Acceptance is granted in those
oases, where a 50 fls difference between the high-paitial and low-complete
penetration is allowed for ballistic-limit determination when a partial
occurs at or above the specified mini= impact velocity minus 2* f/u provid-
ing no complete penetration is obtained at or below the required miniuw im-
pact velocity.

6.4.2 Criterion on 30 f/s difference.- Acceptance is granted in those
oases where a 30 f/s difference between the high-partial and low-complete
penetration is allowed for ballistic-limit determination when a partial occurs
at or above the' specified minimum impact velocity minus 15 f/sl, providing no
complete penetration is obtained at or below the required miniam impact

6.5 Thickness.- The symbol "' is used throughout this specification
to indicate he nominal thickness of the plate under consideration.

NOTIC s- This specification, together with specifications and
drawings pertaining to it and bearing a "Notice" of similar re~strictions,
is intended for use only in connection with procurement by tho United
States Government; and shall not be reproduced either wholly or in part
except when authorized in connection with Government procurement, nor be
used for any other purpose except when specifically authorized by the
agency concerned.

-20- Custodian:
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.0.25MM MCI RAM

IOWA 0.39 8MM (.
----- MM,€.2I65) - . ...

IOMM 9).394")

STANDARD Y-NOTCHED CHARPY SPECIMIN

Q25MM WQOWA.. ..... A aI.m ....-)

20MM (.7n)

SPECIAL 'V-N orCHED CHARPY S PEIMEN

NOTES: PERMISSIBLE VARIATIONS, (toleranoes)
CROSS-SECTIONAL DIMENSIONS t 0.025MM (0.001"'.)
LENGTH OF SPECIMEN ........ .1t0.25 MM (0.010"
ANGLE OF NOTCH ....-------. le

DIUS----------------- -- 0.001'',
OUT F- SQUARENESS-.. - A 0.001

(OF ADJACENT SURFACES)

-22- Security Information
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PLATE FROM BOTTOM OF LAST INGOT.

SAMPLING PROCEDURE, INGOT AND PLATE LOCATIONS

FOR FRACTURE TEST SAMPLES (STEEL SOUNDNESS)

FIGURE 3.
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A-ACCEPTABLE ALL B-ACCEPTABLE ALL
THICKNESSES. THICKNESSES

CENTE
- - _ ~- ~ THIRD

-OF T

C-ACCEPTABLE ALL C-ACCEPTABLE ALL DI-REJECTABLE TO I INCL.
THICKNESSES THICKNESSES ACCEPTABLE OVER If" TO 12"

F-- -

CENTER - -
THIRD Ts THICKNESS
OF T

02-REJECTABLE UP TO E-REJECTABLE ALL
6" INCL. ACCEPTABLE ABOVE 6" THICKNESSES

FRACTURE STANDARDS FOR ROLLED PLATE

1/4" TO 12" IN THICKNESS,

FIGURE 4
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CO N FI D E N TI A L
Modifted 1kindling Authorized.

The dooment to which this Notice Is attached, contains
information affeoting the National defense of the United
States within the meaning of the espionage lav, Title
18, U.S.C., Seoo. 793 anGd 79o, the transmission or re-
velation of which in any manner to an unauthorized per-
son is prohibited. by . 73

MIL-A-11356E(Ord)
NOTICS - 1
28 October 194

MILITARY SPECIFICATION

ARMORO STEEL, CAST, HOMOGENEOUS; COMBAT-VEHICLE TYPE
(1/4 t.o 12 Iroh.., Inclusive)

Thin notice forms a part of specification MIL-A-11356B dated 10 September
1953, and shall constitute the covering page of the specification.

The security classification or MIL-A-1363, dated 10 September 1953,
is oheenge from "Restrioed Security Information" to "Confidential Moified
Randlina Authorized" as of the date of this Notice,

Obange the vords "Restricted Security Inormation" apearing at the
top and bottom of each page of the specification to read "Confidential Modi-
fied kuling Authorized" to indicate the proper securit, classifioatlon.

(copies of specifications, standards, drawings, endL publications re-
quired. by contractors in connection with specific procurement functions
shoul be obtained from the procuring activity or as directed by the con-
traoting officer.)

icationo

Lt Col, Ord Conis

Office, Chief of Ordn .nce

CONFIDENTIAL
Modified Hand.lin Authorized.

When attaohed to Specification ML.-A-11350

Gro *SGS4?



CONPIBENTIAL
WANING, MODIFIED gANDLINS AUTHORIZE

WARNINGs This document contains information affecting the National
Defense of the United States within the meaning of the Espionage
laws, Title 18, U.S.C., Sections 793 and 794. The transmission
or the revelation of its contents in any manner to an unauthorized
person is prohibited by law.

ICL-A-11356B (ORD)
AI4EDMENT-2
10 Sentember 1953SUPERSING
AHMDXMT-l
28 &V 1953

MLITARY SPiCIFIOATION

ARMOR, STEEL, CASTs HOMOGNEOUS; COMBAT-VEICLE TMP
(1/4 to 12 Inches, Inclusive)

The following changes shall be made in Specification MIL-A-II356B
(ORD)), dated 2 January 1953:

*Page 9, para. ,.5.1.8. Delete and substitute:

"4.5.1.8 Internretaton of test results.- Except as provided
in 4.5.1.8.1 the impact resistance obtained on all specimens from a block
shall be averaged and the excess or deficiency of this average determined
over or under the minimum requirement, for the appropriate hardness range.
The excesses(plus)and deficiencies(minu4 thus determined for all blocks
from the lot shall be averaged. If the average of the excesses (plus)and

deficiencies(inus) from a lot is less than zero, the lot represented
shall be subject to rejection. The hardnesses shall be those determined
in accordance with 4.5.2.1.2 and 4.5.2.4.2."

*Page 11, para. 4.5.2.4.2. First sentence:

Delete "all blocks" and substitute "each block".

Second sentence:

Delete "lot" and substitute "block".

*Page 12, paragraph 4.6.2. Delete last sentence and substitute:

"The excesses and deficiencies shall be redetermined for each
block and the average excess or definiency redetermined for the lot. If
the average of the excesses(plus)and deficiencies(minus) from a lot,
after redetermination, is less than zero,the lot reprosented shall be sub-
ject to rejection."

________

11i~ IAPI!!' A IA T'f.! 7



mIL-A-11356B (mE) ,I m0pAHMEEDNT-2

Pae 359 Table f-Ilo Delete In -its entirety and substitute the following
S"TABLB B-1 CISIFICATION OF DVWTS

FOR TICKNESS 1/4 to 12 MEWI INCLUSIV

Classifioation* A & 31 Defects subject to complete heat treatment after being
welded; lose# hardened and tempered, shall be classified as Class A. Defeats
subject to teampering only shall be classified as Class Be Ertent of heat r
treatment (i.oeo complete or tempering) shel be as established by the recorded
re s veldo& uproedure.

T 10 Sq in. Or30TSq* In*
(Nblohever is greater)

2 T T width, no limit U m lenth
3 1/,? 25Sq. n.orSOs.

(whichever is Pazter
1/8T to 3 6 in,. No lii

ssification 0; Defects requiring no theiMw treatment Uor weldings
SimLa~u ~ ife Areabmm

T-t 4m, 2 JAS width$ ain. lm th
2T to 2 in. 24 q Lae
3 2/22 to 3.tn n. 368q. in
14 2/4!ToW1/2 M 48 8qin,
5 2/6?to 36 Ln. 96 Sq. Ins

lfotess
I the spmbol. T as used in this table represents the thicokesa ef the

casting at the location Involvede
2. If the dimnsons of aU six@ of defeat In the C condition does not

exceed 3/2 of that allowed above, both for depth and area, and if the elec.
trode employed is ae that has been qualified ballistioall2 a ballistic
qualification plate will not be required.

3. For the A & B oenditions only, a slse-1 defeat may be repaired within
the boundary of a slze-3 or -4 defect, provided the total area does not exceed
that allowed for the sis-3 or -4 defeat and the repaired area for sluo-i
defeat does not exceed the are allowed for that category.

Custodiant

Araq - Ordnance Corps

*Asterisk indicates changes differing from or in addition to previous
amendment,

GPO "4511 1*po~..hb
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WARNINGt This document contains information affecting the National
Defense of the United States within the Espionage Act, 50 U.S.C. 31
and 32, as amended. Its transmission or the revelation of its con-

tents in any manner to an unauthorized person is prohibited by law.

WIL-A-11356B(ORD)
2 January 1953
SUPFIM ING
)IL-A-13.56A(ORD)
20 December 1951

I1ILITARY SPMIFIOATION

ARMOR, STEEL, IAST, HI0MNE0USj COAT-VEICLE TYPE
RATO 12 INCHESO INCWUSIY)

1. SCOPE

1.1 This specification covers two grades of cast steel, combat-
vehicle-type homogeneous armor in thicknesses from 1/4 to 12 inches
inclusive. (See 6.1.)

1.2 Cla sification.-

1.2.1 Grade-1 cast armor is armor which is so heat-treated that
na~dmim resistance to penetration is developed.

1@2,2 Grade-2 cast armor is armor which is so heat-treated that
mdnunm resistance to shook is developed.

2. APPLICABLE SPECIFICATIONS AND STANDARDS

2.1 The following specifications and standards, of the issue in effect
en the date of invitation for bids, form a part of this specifications

- "' . • ..,"
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SPE0371CATIONSC

?EDE=A

QQ-M-2$I. - Metals, Genieral Specification f or Dwapetion, of

M311TARY

M31P-R-1Ji469(ORD) - Radiographic Inspection; Soundness Requirements
for Steel Castings

STANDARDS

MILITARY

MIL-STD-129 - Marking of Shimnts

(Copies of specifications arnd standards, required by contractors In
connection with specific proouranerrb functions should be obtained from
the ptouring agency or as directed by the contracting officer.)

3. EEQunmNmI

391 Material and u krsnhp.

3.1.1 Structure*- P rocesses of manufacture shall be such as to
produce armo EWvngp as nearly an practicable., a hoaogeneous structure
throughout*

3.1.2 Besat treatment.- hll castings in each lot shall receive the
sam heaTtreamnt ezoept for such variations in twipering teprtures
an my be necessary to produce the prescribed hardn ees

3.1.3 Souness.- Finished castings shall be free of blow holes#
paoiysof~-e cracks, and other defects that may be detrimntal
to strength or ballistic vaue

3.l1A Reating after final heat treataents- General heating in the
temperature range albove wo degrees F. sMa1 not be performd after
the final hardening and tempering operations except when he uanufactuzwr
is qualified for this procedure by the procuring agency. Local or
genez'e hetting In a temperature range up to 600 degrees Fo * iall be
permitted.

3*14If prearaion,- Oxygen cutting or beveling of edges shall be
peral aftr rual Wt treaaint provided the procedure Ins uch

that no cracks develop on any oxygen-cut edge*

3.1.6 Vodr&.", Weld repairs on castings produced under this
speof! Mt5minibe performed In accordance with the aypliable
requirements of Appendix B.

WA2.d



3.2 g!lification.- Castings sumitted under this specification shall
be produced b amanufacturer whose product has been qualified in
accordance with Appendix A. Only maufaoturers qualified to produce
Grade 1 castings shall be permitted to produce Grade 2 castings,

3.2.1 ajotion.- Manufacturers that have been out of production
for a period or 0 montas or more may be required to requalify in
acoirdance with Appendix A.

3.3 Chemical requiremnte.-

3.3.1 9mosft.on,- The chemical omoeition of all castings shall be
within the 11its established by the manufacturer at the tim of qualifi-
cation and shall conform to the requirements of Table Is Ma addition
to those elements for which limits are specified in Table IL the
percentages of all other elements or materials intentionally added shall
be declared. All limits established by the manufacturer shall be
submitted in advance to the contracting officer. The manufacturer may
establish and submit separate limits for each thickness of casting for
which he desires to be qpalified. (See Appendix A.) Changes in
composition shall not necessarily be cause for requalification but shall
be subject to review by the contracting officer to determine whether
requalification nay be required.

TLZ I - Mazium ranges and limits for chemical composition (ladle or
check analysis)e

cement MaxlXM MaxJ m
Limit

Carbon 610 .3%
Manganese; Up to l.0 2ino3., .0 .-

Over 1.00M .050.
Phosphorus -- .0%
Sulphur .05
Silicon .%90 -
Nickel .70
Chrmium . .50

over .50%2  .70-
Molybdenm0 --

Vanadium .10 -

Coop" .50
Aluminum-

calcium
(1) To be reportGa MGMun !Me. e 300 M )
(2) Average of declared Mange

-3-
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3. Weldability.- The chemical composition and heat treatment of the
armor sE I e such that the armor will be suitable for the manufacture
of weldments by production methods.

3.5 Physical properties.-

3.5. Hardness.- The average hardness of each casting,ineluding
ballistic test platesshal be within the range shown in Table 11 for
the casting thickness as established by the applicable drawing. The
diameter of Brinell hardness impressions determined on aiF pne casting
shall not var7 by more than 02.m between the maxim and minimwn. he
average hardness of test smwples shall be within a range of + 10 points
Brinell or + .05u ti mression diameter whichever is preater,-of that
specifled fZr the Oasting thickness involved.

TA II - rinell hardness reqirements (3000-Kg load).

Casting Thickness Armor Brinell Brinell Rockwell C
Specified - Grade Hardness Diameter Hardness
Inches Range Range - Range

Milli-
meters

3/h to 1-1A Imcl. 1 30-3iil 3.50-3.30 32 - 3.
1/4 to 1-1/4 Inc. 2 24~1-293 3.90-3.55 22 M 30
Over 1-1/k to 2-1/4 inc. W,2 2j-23 3.90-3.55 22 - 30
Over 2-1/4 to 3-3/4 ina. 1&2 229-269 4.00-3.70 3,9o5 - 27
Over 3-3/4 to 7 incl. 2&2 217-262 4.10-3.75 16.4 - 25.5
Over 7 to 12 el. 2&2 201-21a 4.25-3.90 13 - 22

3.5.2 M resistance.- The V-notch Oharpy impact resistance of a&mor
Shall WOWUN i Mte s howul in Table MIX for the a~pliaree
hardness*

4#-
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081ZED IL-A-11336B(Ord)

TABLE III - Minimum V-notch Charpy impact resistance requirements in
It. lb.. at - deg.sree . 2 degree F.

Brinell Rockwell C Minimum Impact Resistance
Ha.rdness Numbers Hardness Average of
(See 4.5.2.1.2) Numbers Two or More

Tests.

Inolusi e Inolusive Foot Pounds

191 - 200 48
201 - 212 13.0 15.0 3
213 - 229 15 .1 -19.5 38
230 - 248 39.6 -234 33
21 - 269 23.5 -26.8 28
270 - 277 26.9 - 27.9 26
278 - 285 28.0 - 29.0 24
286 - 302 291 -311 21
303 - 311 31.2 - 32.2 18
312 - 321 32.3 - 33.3 15
322 - 331 33.4 -34.4 13
332 -3) 34.5 -354 11
342 - 352 35-5 - 36.6 10

3.6 Ballistic reQui"mts.- Ballistic requirements shall be as
specified in the applicable requirements of Appendix A.

3.7 Dimensions and permissible variations for production castine.-
Roth the thicknesa -talrance (.ee 3,.71) and the weight tolerance
ksee 3.7.2) shall indicate tolerance limits in one direction only.
The absence of a tolerance in the other direction does not mean a
limitation of zero tolerance. The plus tolerance for thickness shall
be controlled by the weight limitations, and the minus tolerance for
weight shall be automatically controlled by the limitations on thickness.

3.7.1 Thickness.- Unless otherwise specified, the thickness of any
section tsalno vary from that shown on the drawing by more than -5
percent or by minus 1/16 inch, whichever is greater.

3.7.2 Weit .- Unless otherwise specified, the weight of any canting
shall notiar from that shown on the drawing or in the contract or
order by more than +5 percent.

3.7.2.1 For casting designs for which official weights have not been
established and specified, the weight of ary casting shall not vary
by more than +5 percent fran the average weight of not less than the
first ten castings shipped for produotion vehicles. The official weight
of castings may be reestablished at any time considered necessary for
the improvement of military characteristics.

E=", n Tm
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3.8 Casting identification.- In addition to the marking required by
5.3, each casting sub sated-o radiographic inspection shall be legibly
and indelibly marked to assure positive identification util after
final acceptance is made*

3.9 Iormation reuired.- The manufacturer shall Awnishtfor the
files of the contracting officer, a statement showing the ladle anal-
ysis of each melt and the hardness and impact test results of each
lot. All elements of the chemical composition shall be shown in the
statement, including special additives or hardening agents, whether
shown in Table I or not.

3.9.1 Changes in casting pooedure.- If, at art time, important
changes made in casting procedur, the manufacturer shall notify
the Government inspector in writing. Important changes shall be con-
sidered to be any one or more of the following:

(a) A change in gate or riser system, including type, size,
and location.

(b) A change in internal and external chills; size, type,
and location.

(a) A change in positioning of pattern within the flask.

4. SAMPLING, INSPECTION, AND TEST PROCEDURS

4.1 LM cOf inspec , Inspection under this specification shall
be for te purpose art

(a) QUAlication,

1 As a producer of cast armor (see Appendiz L)
2 Ofa cstig poceure(see 4.4)

(b) Acceptance of individual production lots.

.2 General.- Inspection and test procedures requied by this
specification shall be made in accordance with the roqu reents of
QQ-M-l15, unless otherwise specified herein. Only tests specified
herein shall be used in the inspection of cast armor.

4.2.1 Place of inspection and tests.- Unless otherwise specified or
authorized, he responsibility for having inspection and tests per-
formed shall be as specified in 4.2.1.1, .2.1.2 and 4.2.1.3. 2he
results of tests shall be obtained before the material in shipped from
the plant haring responsibility for theme Bowever, the right is
reserved to perfor- inspection and tests at other places at the dis-
oretion of the contracting officer.

-6-
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4.2.1.. Chemical analysis (ladle) and radiographic tests for steel
soundness are the responsibility of the plant where the steel is made.

4.2.1.2 Charpy impact tests, and hardness determinations are the
responsibility of the plant where the castings are heat-treated.

4.2.1.3 Ballistic tests are the responsibility of the Ordnance Corps
and shall be made at a location designated by the Chief of the
Procuring Agency involved.

4.2.2 Identification of material.- Identification marks and records
shall be such as to insure positive identification of all test plates
and specimens with the lot and corresponding heat from which they
were produced. The key to identification symbols shall be furnished
to the inspector prior to submittal for inspeotion and test.

4.3 Definitions.-

4.3.1 Lot.- Except as specified in 43.1.1 a lot for j.urposes of non-
ballistil7nspection testing shall consist of all castings of the same
melt of steelof the same thickness, and having the same heat treatment
(see 3.1.2), 'When two or more melts are combined in a single ladle,
the ladle charge shall be considered as a single melt.

4.3..1 Lot for ballistic testing.- A lot, for purposes of ballistic
inspection, sll consist o all castings, of the same thickness as
specified on the drawing, from we melt or group of melts of the san
composition, and subjected to the same heat treatment except that, in
the case of grouped melts, a lot shall consist of not more than
20,000 pounds of shipped castings.

4.4 Procedure for radioraphic insetion of armor oastings,-

4..1 irst outing.- The first oasting (when made from a pattern of
a design not previously employed by manufacturer or from a pattern out
of production in manufacturer's fundry for a period of three months
or more),shall be radiographed in all routine and random positions
described on the position chaft. (To be provided by the Chief of the
Procuring Agency involvedj see 3.1.3 herein.) (See 6.2.)

4.4.2 Seond casting.- The second casting shall be radiographed in
those positions ilhon the first casting failed to comply with the
standards prescribed on the position chart.

4.4.3 Third castin.- The third casting shall be radiograhed in
those positi ons fhich on the second casting failed to comply with the
standards prescribed on the position ohart.

-7-
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4.4.4 Subsequent castings.- In the event that rejeotable defects occur
in any ares whioh were radiographed in the third casting, subsequent
castings sha.l be radiographed in those areas which were defective in
the immediately preceding casting radiographed until compliance with the
required standards has been obtained.

4.5 Inpction for acceptance.-

4.1 Charpy V-notch impact tests.- -

4.5.1.1 Frequency of tests.- At least 2 impact test specimens shall be
taken from each-impact test lock in each lot. The number of blocks per
lot shall be as shown in Table VI, except that not more than one block
shall be required for any casting*

TABLE VI - Frequency of sampling.

Weight of Castings; Minimum Number of Samples;
pounds each (as heat-treated) per weight of castings in lot

Less than 2,000 1 from each 10,000 lb.
2,000 or greater I from each 20,000 lb.

4.5o1.2 Reduced impact testingo- If the results of impact tests on con-
seoutive lots indicate that a satisfactory uniform product meeting the
impact requirements is being produced, the number of impact tests shall be
reduced in accordance with a quality control system approved or established
by the Chief of the Procuring Agency involved.

4.5.1.3 Size of blocks.- The thickness of the blocks or the length of
test bars, as applicable, used for impact tests shall be not less than
that established by the applicable drawing for the casting involved.
(See 4.5,1o5.1 and 4.5.1.5.2s) The use of a thicker block or longer test
bar will be permitted provided the hardness obtained thereon is within
the range specified for the established thickiess.

449194 Heat treatment -of blocks.- Blocks shall be attached to or shall
accompany castings which they represent throughout the hardening and
tempering cycle. Blocks shall be so placed that their cooling rate
during quenching shall be comparable to that of the casting or castings
represented. If the castings are of such a design and mass that the
cooling rates are in excess of the samples involved, the blocks may be
quenched on an individual basis under similar quenching conditions to
approximately the same final temperature as the thiukness of the casting
as established on the applicable drawing.

4.5o1.5 Location of test specimens.-

-8-
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4.5*I,5ol Blocks to 2" thick inclusive.- Specimens from blocks up to
2", inclusive, in thickness shall be taken from a location midway between
the top and bottom surfaces of the block and at least 2T from any
quenched edge. When blocks thicker than that required by the casting
drawing are used at the option of the manufacturer, specimens shall be
taken 1/2T from the top or bottom surface where T is the specified
thickness of the casting represented. (See 6.3.)

4.5.1.5.2 Blocks greater than 2" in thickness.- Specimens from blocks
greater than 2" in thickness shall be taken from a location not less than
1" below the surface of the block and at least 4" from any quenched edge.

4.5.1..3 Test bars.-

4.5.1.5.3.1 Specimens 2" or greater in thickness.- At the option of the
manufacturer, specimens representing castings 2" or greater in thickness
may be taken from a test bar, which is heat-treated in a teat block, as
shown in Figure 1 or 2. Test bars shall be equivalent in length to the
casting thickness they represent. Test bars shall be inserted in and
fixed to the test block in such a manner as to prevent the quenching
medium from contacting the side of the test bar.

4.5.1.5.3.2 Specimens less than 2" in thickness.- At the option of the
manufacturer, specimens representing castings less than 2" in thickness
may be taken from a test bar, which is heat-treated in a test block, as
shown in Figure 2. Test bars shall be of sufficient length that the
requisite number of samples may be obtained therefrom. Test bars shall be
inserted in and fixed to the test block in such a manner as to prevent the
quenching medium from contacting the side of the test bar.

4.5.1.6 impact spcimens.- Impact specimens shall be machined to the form
and dimensin shown in Figure 3. (See 6.5.)

4*.5..7 Cooling and fracturing of specimens.- Each specimen shall be
brought to a temperature of -40 + 2 degrees F. and maintained at that
temperature in a liquid cooling medium for a period of at least 15
minutes prior to being broken. Specimens shall be broken in a beam-type
impact testing machine within 5 seconds after removal from the cooling
medium.

4.5.1.8 Interpretation of test results.- Except as provided in 4.l.8.,
the impact resistance obtained on all specimens from a lot shall be
averaged. Failure of this average to meet the minimum requirements, for
the appropriate hardness range, specified in Table III, shall be cause
for rejection of the lot represented by the specimens. The hardness
shall be the average of all hardness readings determined in accordance
with 4.5. 2 .1. 2 and 4.5.2.4.2.

-9-
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4.5,1.8.1 Retent.- In the event that a lot of aastirws fails to meet the
impact requirements when the results are interpreted in accordance with
4.5.1.8 retesting shall be permitted in accordance with 4.6.2 or 4.6.3
as applicable, or at the option of the manufacturer individual castings
or parts of a lot may be submitted for acceptance. When this latter
practice is followed all castings represented by samples yielding
acceptable test results shall be considered acceptable. For batch-type
furnaces, a sample shall be considered to represent a casting if it is
heat treated with the casting or if both received the same heat
treatment except that castings heat-treated iith the sample which caused
failure of the original lot may not be included. For continuous-type
furnaces, a rejectable sample shall be considered to represent all
castings heat-treated subsequently to the last acceptable sample and prior
to the following acceptable sample.

4.5.1.9 Local defects.- In the event that test specimens fail because
of the presence of obvious local defects, substitute test specimens may
be made and tested*

4.5.2 Hardness tests.-

4.5.2.1 Frequency of tests.-

4.5.2.1.1 Hardness of casti ne.- Each casting weighing more than 300
pounds sholl So Subjected to two Brinell hardness tests, and each
casting weighing 300 pounds or les shall be subjected to one hardness
test. Hardness tests shall be made in a location the thickness of which
corresponds approximately to the specified thickness of the casting.

4*.2.1*2 Blocks for impact test*- Except as provided in 4.5,2.1.2.1,
each block from which impact test specimens are taken shall have a
cross-section hardness check made upon it. For blocks 1/4" to 2" in
thickness, two hardness readings shall be taken from a location midway
between the quenched surfaces of the block and at least one "T" from
any quenched edges For blocks greater than 2" fn thickness, two
hardness readings shall be taken, one from a location not less than I"
from the top surface, and one from a location not less than 1" from the
bottom surface.

4.5.2.1.2.1 At the option of the contractor, two Rockwell-C hardness
tests may be made on each impact test specimen from a lot, in lieu of the
cross-sectional-hardness test required in 4.5.2.1.2. When this procedure
is followed, the results of all tests taken from each lot shall be
averaged and the average thus obtained shall be converted to Brinell
hardness sing the cowevrsion table in Table 11,

-10-
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4oS.2.2 Preparation for testing.-

14..2.2.1 Surface hardness@- Prior to testing the surface hardness of
oastings, af2 su-race scale and decarburization shall be removed from
the treas where the tests are to be made.

4.5.2.2.2 Cross-sectional hardness.- Sections upon which cross-sectional-
hardness tests are made shall be suface-grund and shall be flat with
opposite faces parallel to one another except that when test bars are
used with a V-block only one side need be ground.

4.5.2.3 Method of test.- Brinell hardness tests shall be made with a
standard Brinell hardness-testing machine, using a lOmi tungsten-carbide
ball and a 3000-kilogram load, except that surface hardness tests may be
made with a portable Brinell hardness-testing ma%kIixie, previously
calibrated for the range involved.

4.5.2i4 IntEretation of test results.-

4.5.2.. Production castings.- The hardness values obtained on each
casting shal ebe ae the average thus obtained is outside the
range specified in Table II, or if the dimeters of Brinell impressions
made on ar one casting vary by more than 0.25m between the maximum and
minimum, the casting shall be subject to rejection.

4.5.2.4.2 Blocks for impact tests.- The hardness readings obtained on
all blocks shall be averaged. The average thus obtained shall be used to
determine the level of impact resistance applicable to the lot as
specified in Table III.

4o.3 Radioraphic tests.- Radiographic tests on production castings
shall be perormed" i accordance with the requirements of the applicable
drawings or contract. The occurrence of a rejeotable defect in any area
on a casting shall require the radiographic inspection of each subse-
quently poured casting in that area until the defective condition is
corrected. (See 6.6.-)

4.5.3.1 Reduced radiographic testings.- If results of radiographic tests
on consecutive lots of material indicate that a satisfactory wdfam
product meeting the soundness requirements is being produced, the mount
of radiographic testing shall be reduced in accordance with a sytem
approved or established by the Chief of the Procuring Agency involved,

4.54 Ballstic testing.- Ballistic testing for the.acceptance of
production oustings shaU be in accordance with the requiremmta of
Appendix A.

4.6 Roestinne- (iA.A
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4.6.l Hardness.- Castings rejected for low or high hardness may be
retested'wiout retreatment at the option of the contractor, Under
such conditions, twice the original number of hrdness readings shall
be taken and the results of all readings taken on the castings sh'ill
be averaged to determine compliance with the requirements of Table II.
Castings rejected for high hardness may be retempored, in which case
only those readings taken after retempering shall be used to determine
acceptability. Castings rejected for low hardness may be requenched
and retempered, in -hich case testing shaUll be conducted in accordance
with the requirements for original testing*

4.6.2 pact resistance.- Castings rejected for low impact resistance
may be retested without retreatment at the option of the manufacturer by
taking additional specimens from the lot under ocnsideration. These by
additional specimens should be distributed as uniformly as possible
among all the samples of the lot. If the average impact resistance of
all tests from the lot meet the requirements of Table II for the
appropriate hardness range, the lot shall be accepted, otherwise it
shall be subject to rejection.

4.6.3 Retest after reheat treatment.- Castings which have been
rejected may be reheat-treated by quenching and tempering or tempering
only and resubmitted for test in accordance with the requirements for
original testing.

4.6.3.1 Castings which are retempered only to meet the hardness
requirements shall not be subjected to retest for impact. Castings
requenched and retempered to meet the hardness requirements shall be
tested for impact as a new lot.

4.6*4 Test specimens from production oasting.- In the event that it
is impossible to obtain additional test specens from samples or test
bars specimens may be taken, at the option of the manufacturer, from
a casting at a location the thickness of which is equivalent to the
specified casting thickness.

4.7 Ballistio testing of production castings.- At the option of the
Chief of the Procuring Agency involved production castings may be
selected at random for ballistic testing. The number of castings thus
selected may vary but the total number shall not exceed 2 percent of
the total production of each given pattern number being produced under
a contract.

5, PREPARATION FOR DE.IVERY

5.1 Pegaons- All machined surfaces of castings shall be coated
with a sui preventive to insure against corrosion during transpor-
tation. Machined surfaces shall be clean and free from moisture before
this coating is applied. The preventive coating shall be such as can
be easily removed.

~-12-
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5.2 Packing fo J1 4iT Lll be packed for
spmenin sue by common or other
carrier, for safe i6tH)11 e&t1  rate, to the point
of delivery.

5.3 Marking for identification.- Castings (both green and heat-
treated) shall be Indelibry and legibly marked with symbols that will
definitely identify the castings with inspection and test reports and
with shipping documents in accordance with Standard UIL-STD-129,

6. rioms

6.1 Intended use.- The arnor specified herein is intended for use
on combat vehicles, but may also be applicable to armor for emplaco-
ments, shields, pill boxes, and the like.

*6.1.1 Grade 1.- Grade 1 cast armor is intended for use in those areas
where maxiMur 'esistance to penetration by armor-piercing types of
armuunition is required.

6.1.2 Grade 2.- Grade 2 cast armor is intended for use in those
areas iere maium resistance to failure under conditions of high
rates of shook loading is required and where resistance to penetration
by armor-piercing ammunition is of secondary importance. It is for
protection against anti-tank land mines, hand grenades, bursting shell,
and other blast-producing weapons*

692 Position drawings- A position drawing is a drawing that will be
supplied WY t ler eof the Procuring Agency involved, as one of the
applicable drawings. It will show those areas to be radiographed, the
radiographic standards which apply and the frequency of radiographic
testing.

6.3 Thicknesses.- The symbol "T" is used to indicate the thickness of
plate, or of castings at the section concerned and corresponds to that
indicated on the drawings as the Charpy-impact-test-blook thickness.

6.4 Patterns.- The inquiry or invitation for bids and the contract or
order Mshold efinitely state whether the casting manufacturer or the
Government is to furnish the patterns. Government contracts ordinarily
should include a provision that patterns furnished by the manufacturer
shall become the property of the Government upon completion of the
contract.

6.5 Measurement of Charpy notch.- Tolerances on the notch of the
Charpy impact test specimens may be checked by means of a comparator
or metalloscope at the magnification of at least ten in the following
manner:- Project the profile of the base of the notch on a ground glass.
Fit a circle of radius .10" (10X) drawn on transparent paper to the
profile of the notch base. Deviations of *0011 frcm the standard .01"
radius can be detected by this means. It there is any question as to
the radius, it may be compared with circle 74O , and Ii, (lOX). At

• . M, ,f.I .'; Ii ! ~'~' .,A .
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the time the radius is measured, the notch may be checked to ascertain
that the sides make an angle of 45 degrees and are tangent to the arc at
the notch. Generally, it is not necessary to inspect All specimens for
notch tolerances. The first specimen cut with a freshly ground
milling cutter may be examined, and thereafter every tenth or fifteenth
specimen prepared from this milling cutter should be measured.

6.6 Radiara .- Radiography of production castings under this speci-
ficationismited in amount and the provisions are intentionally
stated in such a way that normally no interference with production
should result. As provided for, radiography is to be used as a tool for
the development of satisfactory foundry procedures and to provide
sufficient checking at intervals so that a manufacture will know when
something has gone wrong with the procedure and can take steps to make
the necessary corrections. Radiography as incorporated in this specifi-
cation is not intended to be used for the purpose of ascertaining that
each casting accepted meets the standards specified on the radiographic
position charts. Instead, it is intended to assure that lowering of
quality will be disclosed and remedial measures taken by the mamufacturer.

6.7 Ownership of ballistic test Rlates.-

6.7.1 Qualification test plates.- Qualification test plates are the
property o' 'he manuaturer seeking qualification. Arrangements should
be made by him to have them returned at the conclusio of ballistic tests.

6.7.2 Acceptance test plates.- Acceptance test platess which oomply
with the requirements of this specification will be considered as part
of the lot of castings they represent and ownership of them passes to
the Government with the acceptance of that lot. Acceptance test plates
which fail to comply with the requirements of this specification are
considered as part of the lot they represent and remain the property of
the manufacturer just as the rejectable lot they represent.

6.7.2.1 When retesting without reheat treatment is involved, all
plates including those originally tested from a lot accepted after
retesting without reheat treatment will be considered as part of an
acceptable lot. Original plates from a lot accepted after retesting
after reheat treatment will not be considered as part of an acceptable
lot and remain the property of the manfacturer.

NOTIOM When Government drawings, specifications, or other data are
used for apy purpose other than in connection with a definitely related
Goverment procurement operation, the United States Government thereby



incurs no responsibility nor any obligation whatsoever; and the fact
that the Government may have formulated, furnisheds or in avy way
supplied the said drawings, specification, or other data is not to be
regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporations or conveying any rights
or permission to manufactures use or sell any patented invention
that may in arW way be related thereto.

Custodian:

Army - Ordnance Corps
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(FOR ARMOR 2" TO 12" THICK, INCLUSIVE)

If V Block
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on side
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hardness survey. specimens representing spealmeis representing specimens from~ test

2" thick castings. castings greater than bar& representing
2t thick. castings greater than4" thick.
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TEST BLOCKS WITH TEST BARS INSERTED IN SIDE OF BLOCKS

T T
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TEST BAR B TEST BLOCK FOR
TEST BAR a TEST BLOCK FOR ARMOR 2" TO 12" THICK, INCLUSIVE.
ARMOR UP TO 1-3/4" THICK,
INCLUSIVE.

NOTE r- ---

I. End of 1-1/4" Diam. test bar V. +. --

should be Indexed so that
Impact specimens are taken /
I" below quenched surface in. Quenched
of test block. I-nde f

r- i min. 14"m
1~ ~ 1- 1 1 mnII "  I-. I 4"

I I
II

Test Bar showing location Test Bar showing l actli, of
of V-notched Charpy V-notchs, Charpy specimens
specimens ropresentin1 representing castings 2"and
castings ul to I- 3/4 greater In thickness.
thim.

FIGURE 2
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QUAIFICATION PROCDURE FOR PRODUCERS OF CAST A1XI R AD
REQUnn.N's FOR BALLISTIC TESTING FM ACCEPTANCE OF CAST AvOR

A-i SCOPE

A-1.l This appendix covers the requirements for qualification as a
producer of cast armor and ballistic testing for acceptance of pro-
duction lots of armor castings.

A-2 APPLICABLE SPECIFICATIONS AND STANDARDS (See Section 2 of the
Specification.)

A-3 REQU IENTS

A-3.1 Qualification.- Prior to the acceptance of any contract for
9 pro@ctio~n o7 as armor under this specificationj the manufacturer

shall have been qualified as a producer of out armop in accordance
with the applicable requirements of -this appendix. kSee A-6.1. )

A-3..1 Thicknesses to 3-3/1" inclusive.- To qualify for thicknesses
to 3-314" Inclusive, the manufacturer Shall submit ballistio test
plates and test blocks or test bars mhich meet the requirements of
this appendix. A manufacturer may qualify for one or more thickness
ranges by submitting ballistic test plates and test blocks or test
bars as specified in Table A-I.

A-3.1.2 Thicknesses 41 to 12" inclusive.- To qualify for thicknesses
from 4" to 12" In lusive, the manu.acturer shall submit two test bars
for each thickmess he proposes to make in increments of 2" Vhich meet
the requirements of this appendix. Test bars shall be equal in length
to the maximum thickness to be qualified within each 2"1 increment.

-19-
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TABLE A-i

BALLISTIC TZEST PLAr AIM TEST BLOC1
OR TEST BARS FOR QUALIFICATION

Thickness of . Number of Minimum To Qualify for
Plates & Blocks Plates$ Size of Thickness Range -

Blocks, or PlatAs (1)
Inches Bars Inches Inches

1 1 18 x 36 1/4 to 1-1/4 mdl. (2)
2 1 18 x 36 over i-1/4 to 2-1/4 Incl.3 2 36 x 48() over 2-1/4 to 3-3/4 incl.

(1) See A-4.3.1 for size of test blocks and insert blocks for test bars.

(2) At the option of tho manufac-.urer qualification may be made for the
production of armor greater than 1-i/U to 1-3/4 inches, inclusive, by
the submission of one ballistic test plate 18" x 36" x 1-1/2" thick.

(3) A. plate 48" x 60" is preferred to a 36" x 48" plate for the 3"
thickness. The larger size of plate will insure the conduct of a satis-
factory ballistic test, thereby eliminating the possible necessity or
supplying additional mnaller plates.

A-34 .3 Test plates, blocks, or bars for qualification testing shall be
made of the same chemical coposition, bV the same steel-making process,
and with the heat treatment that will be used for the production of
armor castings under this specification.

A-3.14 Processes og manufacture shall be such as to produce cast
armor test plates, blocks, or bars which are, as nearly as practicable,
homogeneous thr oughout.

A-3.1@ Heat treatment.- All qualifioation, test plates, blocks, or
bars submitted as a group representing a single range of section
thiokness shall receive the same heat treatment.

A-3.1.6 Soundness.- Mhere shall be no evidence of surface cracks on
ballistic pLates upon unailed visual examination. Radiography of
ballistic test plates will not be required.

-20-
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A-3.1.? Chemical composition.- The chemical composition of qualification
test plate, s, or bars shiall be within the limits established by
the contractor for the production or armor castings of the thickness
range represented byr the test plates, blocks, and bars in aocordance with
3.3 of the specification.

A-3.1,8 Hardness.-,The average surface hardness of each test plate
shall be within the range shown in Table II of the specification. When
cross-section hardness tests are conducted on test plates, blocks, or
bars the average of all hardness tests, both surface and cross-sections
shall fall within the stipulated hardness range.

A-3.1.9 Dyact resistance.- The V-notch Charpy impact resistance of
each test plate, olocks or bar shall meet the requirements shown in
Table III of the specification for the applicable hardness and thickness.

A-3.1.10 Ballistic tests.-

A-3.1.10-1 Resistance-to-penetration test at normal obli uit .- 'De
test plates shal be proof- ired r res-Uance to penetration, and a
balliLstc limit, 3E'1(A, ahall be obtained Lft accordance with paragraphs
A-4.5.1 ai- A and Table A-11. Minium requirements for acceptable
ballistic limits shall be as shown in the table.

TABLE A-11

RESISTANCE-TO-PENSTRATIONi NORA-OBLIQUITY IPACT

Thickness of Mmmition to Minimum Minimum B. L.
Plate - inches be used Number of Ballistic Correa-

impacts Limit tion,
fs f/s per

..Olt. thickness

1 (1.00) caL. 50 APM2 2 2175 18
1-1/2 (1.50) 37 MM AP M74 ~ 2 1125 7
2 (2.00) 37 MM AP MT 2 150 8
3 (3.00) 75 MM AP M72 2 3.50 4

A-3.l.lO.2 Resistance-to-obli ue-attack test.- A protection ballistic
limit, HL(P), at degrees obliquity shall be'obtained in the case of
3" thick qualification ballistic test plates in accordance with
Table A-Ill

-2ft
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TABLE A-III

RESISTANCE TO ATTACK AT 450 OBLIQUITI

Thickness of Ammunition Minimum B.L. Correction
Plate - Inches to be used Ballistic f/s per 0.01"

Limit thickness
f/8

3 (3.00) 90 M APC M82 2125 6

A- .2 Acceptance tests&- Each lot of production castings of Grade 1 armor
shall be represented by one ballistic test plate of the thickness
established by the applicable drawing for the casting involved. The size of
the acceptance ballistic test plates shall correspond to the size given
in Table A-I. Grade 2 armor shall not be subject to ballistic acceptance
tests.

A-3.2.1 Ballistic test plates.- Test plates for acceptance ballistic
testing shall be made from the same heat of steel as the casting they
represent or from one of the heats included in the ballistic lot (see
4.3*1.1 of the specification) and receive the same heat treatment as thearmor outings they represents

A-3.2.2 Test requirements. Test plates for acceptance testing shall meet

the soundness hardness, and ballistic test requirements of A-3.1.6p
A-3.1.8, and A-3.1.10.

A-3*2.3 Thickness tolerances.- The average thickness of qualification
and acceptance ballistic test plates shall not differ from the required
thickness by more than plus or minus 5%.

A-32.4 Identification.- Each ballistic test plate submitted for quali-
fication and a ceptarnnA a 9s h 0 br, legibly and indelibly marked with
the manufacturer's mark and a plate or heat number to insure positive
identification. The key to identification symbols shall be furnished to
the inspector prior to submittal for inspection and test.

A-3.2.5 Information required.- The manufacturer shall furnish for the
files of the proving groud making the ballistic tests, a statement
showing the ladle analysis of each melt and the complete details of the
heat treatment of each group of plates. All elements of the chemical
composition shall be shown in the statement, including special additives
or hardening agents, whether shown in Table I of the specification or not.
This information shall be forwarded on an approved farm. The results of
hardness and notched-bar impact tests shall also be provided.

.,. .. /, .,,. 22
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A-4. SAMPLING, INSPECTION, AND TEST PROCEDURE

A-4.l General inspection and test procedurer required by this specifi-
cation shall be made in accordance with the requirements of Federal
Specification QQ-M-l51, unless otherwise specified herein. Only tests
specified herein shall be used in the inspection of armor.

A-4.2 Place and responsibility for inspection and tests.- Unless other-
wise specified or authorized, the place of inspection and test shall be as
specified in A-4.2.1 and A-4.2.2. However, the right is reserved to
perform inspection and tests at other places at the discretion of the
procuring agency.

A-4.2.l Chemical analysis (ladle), examination for freedom of visual
cracks, hardness determinations, and notohed-bar impact tests are the
responsibility of the manufacturer of the armor. In the case of
qualification testing for thicknesses to 3-3/4", inclusive, all tests
except impact tests shall be made at a laboratory selected by him.
Impact tests for qualification on all thicknesses shall be made at a

* laboratory selected by the procuring agency.

A-4.2.2 Ballistic test. shall be made at a place to be designated by
the Chief of the Procuring Agency involved.

A-4.3 Blocks or bars for hardness and impact testing.-

A-4.3.1 Thicknesses to 3-3/4" inclusive.- A test block 9" x 9" x T" in
sir, or, at the option of the manufacturer, a test bar of the type speci-
fied in the specification for production testing as shown in Figures 1
and 2 of the specification shall be tack-welded to each ballistic test
plate and shall accompany it through the quenching and tempering cycles.
Blocks or bars shall be attached at such a location that neither the
thickness of the block or bar nor the thickness of the test plate will
be effectively increased during heat treatment.

A-9.3.2 Thicknesses 4" to 12"1 inclusive.- A testblock 9" x 9" x T" in
size or, at the option of the mamfacturer, test bars of the type
cuyecified for production testing as shown in Figure 1 and 2 of the
specification shall be used for thicknesses 4" to 12" inclusive. If test
bars are used they shall remain in the blocks throughout the quenching and
tempering cycles.

A-4.3.3 Hardness and impact tests on test blocks and bars.- After heat
treatment, the test blocks or test bars shall be subjected to Brinell
hardness tests and notched-bar impact tests as required in 4.5.1 and
4.5.2 of the specification.

-23-
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A-4.4 Ballistic test 2lates.- The number and sizes of ballistic test
plates for qualification shal be in accordance with the requirements of
Table A-I. The number and sizes of acceptance ballistic test plates
shall conform to the requirements of Table A-I and A-3.2 as applicable. (See 6.7.)

A-4.4.1 Surface hardness tests.- Each qualification and acceptance
ballistic est plate shall Be subjected to three Brinell hardness tests
on each face where accessible and practicable. If hardness tests cannot
be practicably made on both faces, five tests shall be made on one face,
one near the middle of each side and one in the middle of the plate area.

A-4.4.2 Average thickness of test lates.- The average thickness of
test plates shall be the average of five thickness measurements, one at
each corner of the plate, 2 inches from either edge, and one at the center.
Thickness readings shall be taken to the nearest 0.01 inch.

A-4.!5 Definitions.-

-4.5.1 Ay coplete penetration, CP(A).- An AxMy complete penetration
will have been obtained when a hole is made that allows the passage of
light through the test plate, or when any part of the projectile in the
plate can be seen from the rear of the test plate. If it is questionable
whether any part of the projectile can be seen, the round shall be dis-
regarded and another round shall be fired.

A-4*.52 Protection oomplete penetrationt udP?).- A protection complete
penetration is an impact that causes any fragments of projectile or
plate to pass beyond the limits of the back of the plate. This condition
shall be determined by perforation of a 0.020-inch thick, aluminum-alloy
sheet (24ST or equivalent) placed 6 inches to the rear and parallel to
the plate, or the equivalent thereof, at the discretion of the proof
officer.

A-..3 Partial penetration, PP(A) or PP(P).- Any fair impact that is
not a complete penetration shall be considered a partial penetration.

A-4.5.4 Fair impact.- An impact which is three calibers or more away
from another act or two calibers or more away from arm plate edge is a
fair impact.

A-45.5 Ballistic limit.- The ballistic limit is the average of two
velocities, one of which is the lowest at which a complete penetration
occurs, and the other the highest partial penetration below the complete
penetration. The difference between the two velocities shall not exceed
50 feet per second when projectiles 37-MM in diameter or less are used, or
30 feet per second when projectiles greater than 37-MM in diameter are
used. (See A-6.2 and A-6.3.)

H-.24-
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A-4*5*6 Im act velocities#. he required impact veocitlei'~ Ifpitic sTal !I and A-III) of. tqt plates, o
of which (see A-4-5.7) is between two consecutive tabla t~ = UTO~
shall be determined by the correction factors sh6wn in Table A-I and
A-II as applicable.

A-4,5,7 Xokneess im act &Eggs- .The thickness of ballistic test plates usedor.detrms.g ballstic 1mita shall be that of the area subjected to'bal-

Rtotesting*
A-4.5.8 Craokink- Cracking of ballistic test plates to such an extent

that, in the opinion of the proof officers satisfactory ballistic limit
determinations cannot be made shall constitute failure of the ballistic
tests and the rejection requirements of A-4.5.9 shall apply.

A-4.59 Failure of qualification test plate.- Fai2mre of the qualifi-
cation ballistic test plates or test samples to meet any of the tests
when inspected in accordance with this appendix shall be cause for
rejection of the manufacturing process represented by the thickness of
the failing plate or plates. To achieve qualificationp the manufacturer
must submit a new series of ballistic test plates which shall pass all
tes s outlined in this appendix.

A-4..lO Failure of acceptance test plates,- Failure of the acceptanoce
ballistic test plates to meet ary of the Tests when inspected in
accordance with this appendix shall be cause for rejection of the lot
of castings represented by the failing plate or plates.

A-4*5.ll Retests.- In case of failure of acceptance ballistic test
.plates to meet the requirements of this Appendix, the manufacturer shall
have the right to resubmit a lt under the following conditions.

A-4.5.1l.1 Retesting without reheat treatment.- The manufacturer shall
have the right to submit twice the number of plates originally
submitted from the lot under test. Each of the additional plates must
meet the ballistic requirements or the lot shall be subject to rejection.

A-4.5.11.2 Retesting after reheat treatments- The manufacturer shall
have the right to reheat-treat and resubmit any lots in accordance with
the requirements for original testing.

A-4.5.12 Reduced ballistic acceptance testing.- If the results of
acceptance bllistic testing indicate that a satisfactory uniform
product meeting the ballistic requirements is being produced, the number
of ballistic test plates shall be reduced in accordance with 4 quality
control system approved or established by the Chief of the Procuring
Agency, involved.

A-4.5.3 Additional test for information.- At the option of the Chief
of the Procuring Agency involved, additional rounds may be fired for
information on any casting or test plate after completion of acceptance
testing.

=25M
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A-5 PREPARATION FOR DELIVERY

A-5.1 Markinu for identification,- Plates shall be indelibly and legibly
marked with symbols that will definitely identify them with inspection and
test reports and with shipping documents.

A-6 NOTES

A-6.1 deoog_- Copies of all records pertaining to qualification tests
required by this appendix should be forwarded to the Detroit Tank Arsenal,
Center Line, Michigan.

A-6.2 Small-arms and small-artillery ammition.- In those oases where
a 50-f/s difference between the high-partial and low-complete penetration
is allowed for ballistic-limit determination, if a partial penetration
occurs at or above the specified minimum impact velocity minus 25 f/s,and
no complete penetration is obtained at or below the minimum impact velocity
required, the plate will be acceptable when the ballistic limit is actually
less than that called for by the applicable requirements.

A-6.3 Medium and large artillerT aanition.- In those oases where a
30-41e difference between high-partial and low-complete penetration is
allowed for ballistic-limit determination, if a partial penetration occurs
at or above the specified minimum impact velocity minus 15 f/sl, and no om-
plete penetration is obtained at or below the minimum impact velbity r.-
quired, the plate will be acceptable when the actual ballistic iinit is
1 se than that called for by the applicable requirements.

-26.
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QUALIFICATION PROCEDURE AND REPAIR-WELDING
REQUIRSKETS FOR THE REPAIR OF AMO4L CASTINS

B-1. SCOPE

B-1.1 This appendix covers the requirements for the qualification of
welding procedures and welders involved in the repair of armor castings.

B-2. APPLICABLE SPECIFICATIONS AND STANDARDS

B-2.1 Applicable specifications*- The following specifications (in
addition to those specified in Section 2 of the specification), of the
issue in effect on the date of invitation for bids, form a part of this
specificationt

SPECIFICATIONS

MIITARY

MIL-R-I1468 - Radiographic Inspection. Soundness Requirements For
Arc and Gas Welds in-Steel

U. S. ARKY

57-203-7 - Electrodes; Welding, Steel, Covered, Ferritic

B-2.2 Applicable standards.- The following standards of the issue in
effect on the date of Invitation for bids, form a part of this specifi-
cation.

STANDARDS

MILITARY

JAN-STD-19 - Welding Symbols

MIL-SM-20 - Welding Nomenclature and Definitions

B-3. REQURMENTS

B-31 ualification,- Prior to repair welding Grade 1 or Grade 2 pro-
duction castings, thu oantractor shall qualify the welding procedure to
be used and the welders who are to perform the work in accordance with
the requirements of B-3.1.1 and B-3.1.2 respectively. Qualification
for repair welding Grade 1 castings shall serve as qualification to repair
weld Grade 2 castings, provided all the factors listed in Table B-I are
identical@

B-3.1.1 Qalification of procedure.-

I. _



.*\Nn. )f-3 6B(Ord)

Sheet 2 of 12

B-3.1.1.1 Contractors recorded procedure for repair welding.- The manu-
facturer shall establish a recorded repair-welding procedure for the
repair of castings. The recorded repair-welding procedure shall include
all the factors listed in Table B-1.,

TABLE B-I

FACTORS IN THE RECORDED BPAIR-LDING PRWDURES AND CHANGES
WHICH REQUIRE PROCEDURE REqUALIICATION AND ARC-WELDER REQUALIFICATION __

Factor included in Recorded welding procedure shall elder shall be re-
recorded welding be revised and procedure re- qualified as indicated,

procedure, qualifieds as indicated belowe

l. Composition of Procedure shall be revised and Not required.
steele requalified mhen a change in

composition outside of the
declared range established in
accordance with this specifi-
cation is made unless a specific
waiver is granted by the Chief
of the Procuring Agency involved.

2. Minimum dimension Recorded welding procedure Not required.
at the root, mini- shall be reviad, Requali-
mum included angle fication not required.
and minimum root
radiuse

3o Zlectrode, type When the electrode used for Not required.
and class or brand$ procedure qualification does
manufacturer, not meet the requirements of
covering type and 57-203-7, substitution of air
deposited analysis other electrode wherein a change
range if not quali- is made in brand, manufacturers
flied und? covering type or deposited
57-203-7 *)0 analysis range will require

revision of procedure and re-
qualification. HOwever, when
the electrode used for pro-
duction qualification has met
the requirements of 57-203-7 for
a specific type and class and
provided all other factors remain
the sane, any other electrode
which has met the requirements of
57-203-7 for the same type and
class may be substituted without
requalifioation of procedure but
the procedure shall be revised.

(1) Anceptable brands - Manmfacturers will not substitute electrodes conforming to
57-203-7 until a list p;acceptable proprietary brands of electrodes has been
issued. Such a list wL also include information as to type and class to which the
electrodes confor,. ,.K w -i
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TABLE B-1 (Cont'd)

FACTORS IN THE RECORDED REPAIR-WDING PROCEDURES AND CHANGES
WHICH FigU~ PRCDR UAW'FIQATION AND ARQ-WWLER RUAL71CATION

Factor Included in Recorded welding procedure sFall Welder' shall be re-
recorded welding be revised and proondure re- qualified as indicated.
_ procedure, qualified, as indicated below.

4s Maxim electrode When a decrease is made When a decrease is
diameters, for all in the actual width of made in the actual
passes based on groove at which any given width of groove at
minimum groove size of electrode is used which ar given
width, procedure shall be revised size of electrode

and requalified. is used.

S. Welding-current When the limits established When the limits
and aro-voltage in the recorded repair- established in the
range for each welding procedure are recorded welding pro-
diameter or exceeded the procedure cedure are exceeded.
electrode, shall be revised and re-

qualified.

6. Preheat tempera- When the minimum tempera- Not required.
ture range local ture is reduced the pr=czo1'-
or general, which ure shall be revised and
shall be specified. rectulifiede

7. Thermal treatment When any temperature in the Not required.
after welding. Thermal treatment established

in the original procedure
is changed the procedure shall
be revised and requalified
unless chervise authorized
by Chief of the Procuring
Agecy. involved.

8. Method of preparing In case of change from Not required.
welding grooves i~e., mechanical to thermal
Thermal or mechanical, method, only the pro-

cedure shall be re-
vised And .euLified.

9. Position in which When change is made from (see par. 301.2.4.)
welding will be the position qualifiedp the pro-
perforgeds cedure shall be revised and

requalified, except that area-
defect plates shall be quali-
fied in the flat position onl.,

"29"
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TAE B-I (Contd)

FACTORS IN THE RECORDED REPAIR-W )ING PROCEDURES AND CHANGES
WHICH REQUIRE PROCEDURE REQUAMFICATMON AND ARC-WELDER RMUALIFICATION

Factor included in Recorded welding procedure shall Welder shall be re-
recorded welding be revised and procedure re- qualified as

procedure* qualified, as indicated below, indicated*

10. Type & Sequence In case of change from Not required.
of passes* beading to weaving only

the procedure shall be
revised and requalified,

11. Source of power, When change is made from Not required.
a.c. or doe. ao to docs or vice-
(polarity if d.c. versa; or if d.c., when
is used.) polarity is changed the

procedure shall be
revised and requalified •

+ B-3.1.1.2 Test W-ates ruired.-

B-3.1.1.2.1 Complete heat. treatmant, after wldina (hardened aMd towere).o
The manufacturer shall submit a teat plate of each type shown in Figures B-I and
B-2 for radiographic and ballistic tests. Each test plate shall be welded after
annealing# normaliuing or Aormaliuing and tempering, ad subjected to such harden-
ing and tempering as will produce the hardness required for thickness of plate
involved.

B-3.1.1.2.2 Umer!nR only after welding*- The manufacturer shall submit a test
plate of each type shown in Figur U-I and B-2 for radiographic and ballistic
tests. Each plate shall be welded in the fully heat-treated state and tempered
after welding at a temperature within 50 degrees F. of the original tempering
temperature.

B-3,11.*2.3 No thermal treatment after welding.- The manufacturer shall submit a
test plate of the type shown in Figure -I for radiographic and ballistic tests.
The plate shall be welded in the fully treated state and tested ballistically with
no thermal treatment after welding@

B-u..l,2.o4 Oction for recair of Cladefe.- For repair of
defects not exceeding the dimensions apecified for Classificaton-C size of
defects but subject to heat treatment, if required after welding as specified in
B-3.1,1.2.1 and B-3.1.1.2.2 respectively the manufacturer shall submit a test
plate or plates of the type shown in Figure B-I for' radiographic and ballistic
tests. The processed oncdition of each test plate prior to welding, and the heat
treatment of each test plate after welding shall be the same as will be used'on
production castings.

B-3.1.le2c5 Coverage of pt lates*- Plates of 1-inch thickness shall qualify
the manmfaorr to repa-irwela armor castings of the thicknesses represented by
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------- .... 6B(Ord)
. N~LBAppendix B

Sheet5 of 3A

1-inch ballistic test plates. 7hose of 2-inch thickness shall qualify
the manufacturer to repair-weld armor castings of any thickness pro-
vided the chemical coposition is within the range established for the
thickness or thicknesses for which qualification is sought.

B-3.1.1.2.6 nterpass teprature.- The interpass temperature of
qualification plafes shall Do not more than 100 F. above the preheat
temperatureo The interpass temperature shall be measured imediately
before the deposition of each layer at the point indicated on Figures
B-1 and B-2.

B-3..1.3* Soundness.- Finished procedure qualification test plates
shall complyfwh Standard II of MIL-R-1168 when radiographed in accord-
ance with the requirements of appendix C.

B-3ool. 4 Ballistic testing of welding procedure Mualifioation plates.-

B-3*11*.4*1 Double-I lates.- The 1-inch Double-I plate (Figure B-I)
shall be testeU 7r resistance to shook using two rounds of 57-Mu plate-
proofing (PP) projectiles# MIOO1, at a velocity of 97 feet per second.
The 2-inch Double-I plate (Figure B-1) shall be tested for resistance to
shock using two rounds of 105-m plate-proofing (Pr) projectiles$
M1004 , at a velocity of is050 feet per second. A correction in velocity
shall be made for each .01" of variation from the nominal thickness, of
6 feet per second on 1" plates and 5 feet per second on 2" plates. One
round shall be directed at each leg weld, so that the edge of the pro-

JI 7 jectile at least touches the edge of the weld (fair impact). The welding
procedure used for double-I welded plates shall be subject to rejection
should either round develop any cracking (in plate, weldor weld zone),
outside a circle of the aise indicated below, the center of which is
ooinoident with the center of impact.

Plate Thickness ALlowable Cracking

2N Within a circle of 9" diater the
center being the center of impact.

1" Within a circle of 8" diam6terthe
center being the center of Impacts

B-3.l.l.k,2 Area-defet late.- Plates of the type shown in Figure B-2
shll be tested for resistance to penetration using the projectiles
indicated in Table A-II of Appendix. A. The 1 area-defect plate shall
have a minimum ballistic limit of 2150 feet per second and the 2" area-
defect plate a minimum ballistic limit of 1450 feet per second when tested
in accordance with A-4*. and appropriate sub-paragraphe thereto. The
thickness correction factor of Table A-I shall apply.

.- '1-
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B-3.1..5 Data forms.- Properly executed forms, available through the
Resident Inspeor =ofOrdnance, shall accompany each test plate to the
proving Ground,

B-3.1.2 q ification of welders.-

ji-3.1.2.1 Each welder shall be qualified by the manufacturer. Qalifi-
cation of a welder by one manufacturer shall not serve as qualification
when the welder is employed by another manufacturer.

B-3.1.2.2 Te of oint.- The welder qualification test specimen shall
be made of eiter mild steel or steel of similar composition to production
castings. The qualification shall be made by the welding of a butt joint
of the design shown in Figure B-3 of this appendix between two plates 1
by 4 by 12 inches. All dimensions of the plates shall be considered as
minimum.

B-3,1.2.3 Current and electrodes.- The welder shall use the same current,
a.c. or d.c., andpolarity "i d.c. is used, as will be used in production;
and the electrodes shall be of the ferritic type to be used for production
repair welding. The diameter of electrode used for qualification shall be
the maxlmum diameter that will be used as required by the recorded welding
procedure at any particular groove width, (See factor 4, Table B-I.)

B-3.l,2.h Position of welding.- Each welder shall be required to qualify
in the positions -in woih he wIu weld on production, by welding a test
specimen of the type specified in B-3.1.2.2 in the positions prescribed
in paragraphs B-3 .12.e4.1 to B-3.l.2.h.4 inclusive, as applicable. However,
welders qualified in one or m ore positions shall be considered qualified
in additional positions under conditions as allowed below:

Position in which qualified Qualifies welder to weld in
Flat position Flat position only
Horizontal position Flat and horizontal positions
Vertical position Flat and vertical positions
Overhead position Flat, horizontal, and overhead

positions.

B-3*..2..I Flat positions.- To qualify the welder in the flat position,
the test plate shall be placed in an approximately horizontal plane and
the weld metal shall be deposited from the upper side.

B-3..2.4.2 Horizontal position.- To qualify the welder in the horizontal
position, the test plates shall be placed in an approximately vertical
plans with the welding groove in an approximately horizontal plane.

B-3.l*2,.43 Vertical position.- 7b qualify the welder in the vertica
position, the To-t plates shI be placed in an approximately vertical
plane with the welding groove in a aproximately vertical position.

,. ,. .. .§ t-- i.n TJ
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B-3ol*2*4.4 Overhead positions*- To qualify -the welder in the overhead
position, the zest plates shall be placed in an approximately horizontal
plane and the weld metal shall be deposited from the underside position*

B-3.1.2.5 Soundness.- Finished welder-qualification test plates shall
amply with SMM I" of MIL-R-11468 when radiographed in accordance with
the requirements of Appendix C, except defects within 1" of either end of
a weld may be disregarded.

B-3.2 Requirements for rerair of armor castings.-

B-3.2.1 Generale- All weld repairs shall be made using a procedure and
by welders qualied in accordance with this appendix.

B-3.2.2 Reairable defects.- Defects which may be repaired by welding
shall not exed Me w=l-area dimensions specified for each classificationshown in Table -Il. The size of defect shall be considered as the sive of
the cavity resulting from chipping, grinding, or oxygen cutting to remove
the defect, or as the size of the area to be welded to obtain the dimensions
specified on the applicable drawings.

B-3.2.2.1 Lare defeots.- Greater defects (than those listed in 3-3.2.2)
may be repair-welded subjectp in cse of each repairp to the written
authorization of the procuring agency.

3-3.2.2.2 Inserts.- Cast sections may be inserted by welding in the
production eatings, 'provided each plate is of the same chemical c mposi-
tion range as the outing, and subject to the following dimensional limits
7hicknees of section shall be equal to that of casting section to which it
is wldedl maximm length or maximum width of insert shall not exceed 16
times the thickness; and width of weld shall not be greater than twice the
thickness.

B-3.62.3 Inteass emrature.- %he ifterpass temperature of production
castings shall be not lose han the minimum preheat temperature established
in the recorded welding procedure. The interpass temperature shall be
measured iaediately before the deposition of each layer at a location
approximat.y 3" from the edge of h weld an ta" 'se metal,

B-3.2.4 Type of electrode.- Unless otherwise authorized by the procuring
agency, all repair welingsbal be performed using ferriti- tpe
electrodes conforming to 57-203-7.

B-3.2,5 Radiograhic rMLreents,- The repair welds shall meet the
radiographic requirements of Stani rd III, MIE-R-11468(Ord). Any welds
that do not omply with the standard specified shall be repaired, and sub-
sequently radiographed. Mhen the width of the weld is greater tan 2 inches,
for the purpose of radiographic interpretation, the weld shall be con-
sidered to be a series of welds 2 inches wide.

-33-
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B-392.591 Radioa o e aCtim - One casting in everythrt of reare as -d exceeding the diensionsthirty production castings haiJng repairz weldexei he.-m:or

specified under classification C, in paragaph B-3.2.2 shall be selected
for radiographic inspection. Oly those areas, in the casting seleated,
with repair melds exceeding the dimensions specified under classification
C in 3-3.2.2 shall be radiographed.

-34-
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a

b 3" Dia. f

Point at
'which
interpass

*-1 temp.
shall be
measured.

36"1

d h
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FIOURE R,-1. Double-I Ballistic Teat Plate.

Note.: (1) Plate thickness shAfl be 1 or 2 inches.
(W Sections Mab" and "ad" shall be completely welded on both

sides before "bo" is welded. Sections "ef" and "gh" shall
be completely welded on both sides before "fg" is welded,
Prior to welding of section "ba" and4 "fghs the plate shall
be cooled to the recorded preheat temperature*

(3) Lengths of sections "ab," "ad.," "ofj,' and "gh" shall be
not less than 6 and not more than 8 inches*.

(4) Plate shall be welded in accordanceiwith Recorded Repair-
welding Procedure for site (2) defects extending completely

Sthroofh'Lthe section. (See paragraph 9-3.2.2.)

iOj~D AQIN UH
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FIGURZ B-2. Area-Defect Ballistic Test Plate.

Notes$ a 1 Plate thiokness shall be 1 or 2 inches.
2 Weld area shall be centered on long dimension

of plate.
(3) W-1.dIA Area obael, be 6 b7 . inches, completel7

through the section; except for 1-inch plate,
the weld area dimensions shall be 6 by l inches.

(4) Plate shall be welded in accordance with Recorded
RepLax-welding Procedure for eize (1) Classifica-
tion A and/or B defects extending completely
through the sections. (See -3.2.2)
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Min. included angle

Max. root l" ?in.

2min. root openine

Mi. included
angle

FIOURE B-3. Welder Qualificaticn Test Specimen.

Note s he =un~nm &nd uaxmm dimansions indicated in Figure B-3
are waot dimensions and ahall be those specified as such
in the Recorded R.epa.r-weldinm Procedure for siz (2) Ceas-
ificaton-A defeots extending ecmplete4y through the setioAn.
(see .&ws'agrah -3..2. )
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QUALIFICATION AND REQUJIWMNTS
FCR THE RADIDGRAPHIO INSPECTION OF ARMOR CASTInvS

0-1. SCOPE

C-l.l The appendix covers the requirements for the qualification of
supervisors involved in the radiographic inspection of armor oastings and
th requirements for such inspection.

C-2. APPLICAME SPECIFIATIONS AND STanDARDS

C-2.1 App4lioale oifications- The following specifiotions (in addi-
tion to those specified in Seotion 2 of this specification), of the issue
in effect on the date of invitation for bids, form a part of this
specification:

SPECIFICATIONS
MILITARY

MIL-R-11468 - Radiographic Iseation; Soundness Requirements for Are
and Gas Welds in Steel

MIL-R-11469 - Radiographic Standards for 7nupeotion of Steel Cast-
ings Including Cast Armor

0-2.2 A joable standarda.- The following Military Standard of the issue
in effeot an te date oFvitation for bids, forms a part of this
specification:

MIL-SMD-23 - Nondestructive Test Sybols

0-3 . REQUl u ,EN

C-3.1 imlsuperatioe The manufacturer shall qualify radiographio
sources a in accordance with 0-3.3 (see C-69.3).

0-3.2 Qulfiction test block.- The test blocks (Models L-2 and H-2)
shall be used in the quZTI Zaion tests and will be supplied by the pro-
curing agency upon proper request.

,
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G-3.3 Supervisor and source ,ualified requIemnts,- Mhe supervisor
qualification test shall consist of the radiographing of the test blocks
referred to in 0-3.2 in accordance with 3.3&1. Supervisors shall qualify
for thicknesses to 3" inclusive using a test block 1" thick and for
thicknesses greater than 3" using a test block 3-1/2" thick. 2Tis
qualification test shall be conducted for each source of radiation to be
employed for production radiography.

0-3.3.1 The supervisor shall select all details of radiographic teoh-
nique to be employed by himself and the technicians under his jurisdiction
in the conduct of the test. Using these details, the supervisor shall
produce a radiograph of the applicable test block as stated in 3.3, shall
examine the radiograph, and report in writing his findings of the Images
thereon to the procuring agency. The correct identification from the
negative of at least 90% of the information contained in the test block
shall constitute qualification of the supervisor for the radiographic
inspection of cast armor@

C-3o3.2 Information reguirseo- In addition to the report required in
C-3.3.1, thM ufaoturer shall furnish the procuring agency with the
negative with which qualification was obtained as well as a detailed
statement coverings

a. Type, model, name of manufacturer and machine rating as stated
by the manufacturer.

b. For Gama radiography, the type of source and the strength of
the source in Oufess.

c. d/t ratio employed with negatives submitted (see Figure C-I).

C-3.3.3 Requalification.- Requalification shall be required whenever
a change in supeFsoriTakes place in the radiographic facility or
whenever the source of radiation is changed. Requalification shall not
be required for changes in technical personnel who are not supervisors
or for direct replacements of the source of radiation. (See 0-6o4.)

C-3o4 Inspection of production castings.-

0-3..1 General.- Radiographic inspection shall be used to reveal,
within the-TEM of its sensitivity, disoontiauities in metals, Parts
shall be examined. in locations specified in the applicable specifi-
cations, contract, order, or drawing.

-3.hlol Suplementary radio hy,- Radiographic inspeotion in
addition to that specifiedby the preceding paragraph may be performed
at the discretion of the inspector to determine the extent of a detect
which has been located by previous inspection*

.........
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c-3.4.2 " Radiographs shall be made on noninflammable X-ray
film, free of Iherent flaws that may interfere with interpretation of
the radiographio image and capable of acceptable clarity and definitions

C-34I.3 viewan eimente- Suitable facilities shall be provided for
the viewing and examination of negatives and for the comparison of nega-

Itives with standards dhen required.

c-3.Li.1, wormanahi.-

C-34.4.. Quality of negative.- Radiographic negatives shall be free of
blemishes (See C6.1) Tht may interfere with interpretation of the radio-
graphic image. Mhenever the quality of a radiographio negative in uneatis-

* factory in the areas to be inspected, re-radiography will be requireds

C-3*4*.42 u ifioation.- Radiographs ShalL be made under the super-
vision of personnel qualified 5n accordance with the requirements of this
appendix.

C-344.3 The d/t ratio.- The minimm d/t ratio used for production
radiograph shall not b les than that employed by the supervisor for
the test negative upon which his qualification for each thickness van

*based.

C-3.95 Standards of acceptancee- The standards of acceptance shall be
in accordance with the requirements of Specification Non. MIL-R-11468 and
Mnl-R-llI469 as applicable.

c-3.4.6 Test amboo- When position drawings (See 0-6.2) are required
or furnishe4 1by"W Prouring agency, symbols used shall be in accordance
with the applicable requirements of Mnl-S2-23.

C-3o.i7 nection records.- The contractor shall submit radiographic
negatives and suitable identification in accordance ith the requirments
of the procuring agency for each article or unit of manufacture that has
been radiographed*

03oh.7.l Availabilitr of negatives.- Exposed radiographic negatives
shall be available for examination by the procuring agency at any loa-
tion and for a period not to mzeed 12 months from the date of exposureo

0-3.4.8 Sharpmes o meteameter iThe- Te image of the penetra-
meter shall be resolved in TM negative.

0-3..9 Identification.- Areas which have been radiographed shal be
marked in such a manne as to identify thua with the radiographic nega-
tivie of the applicable areas and catirngs until final radiographic
acceptance in obtained.

IV U , 01 F. .. ,-
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C-3.L.l0 Direction of radiation.- When not otherwise indicated in the
position drawings, he direction of radiation shall be perpendicular
to the surface of the metal and the radiographic film. When, because of
a peculiar condition of test the required direction of radiation is not
the most effective, a sketch showing the actual direction of radiation
used shall be made on the negative or attached to it. When the same
set-up is used for a number of radiographs, a single sketch will suffice
for the entire set of negatives.

C-3*..ll Location of film.- Mhe film during exposure shall be as close
as practicable to the surface of the object being radiographed*

C-3.4.12 Location markers.- When required by the procuring agency,
location markers shall be pba ced on or adjacent to the metal surface
being radiographed and their images shall appear distinctly on the flm.

he exact location of the markers shall be marked an the surface of the
metal in a manner not injurious to the serviceability of the part, so
that the radiographs may be accurately located whenever desired up to
final radiographic acceptance.

0-3.4.13 Identification of negatives.- A system for identification of
negatives approved by the procuring agency shall be used. When required
by the procuring agency, each negative shall carry the image of the
lead markers identifying the individual part and the wea radiographed.
(see C-3s~s7s)

C-3@51eiermtes.

0-3.5.l Penetrameter design.- Unless otherwise specified# penetra-
meters shall have diensions in accordance with Figure 0-2.

0-3.5.1.l Idantification.- The penetrameters shall be identified with
an identification number, made of lead alloy and attached to the penetr-
ameter. This number shall be equal to the thickness, in inches, of
the metal to which the penetrameter is normally applicable.

C-3.5.2 Penpraeter placement.- Penetrameters shall be placed on the
side of the metal away from the film (source side) in such a location that
the d/t ratio is the smallest possible value for the area involved.

0-3.5.2.l Placement on welds.- Penetrameters shall be placed on the
base metal at least 1/M .. ,w r'M thc d;Z cf "."0, waldo

V lo,
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0-3.5.2.2 Plaoement on identical 20g.- When a number of identical pert.

are simitaneouuly exposed, the penetrameter shall be placed on the irradi-
ated surface of that part at the outer edge of the cone of radiation.

C-3.5.2.3 olament on blocks.- When it is impractioal to place the pens-
trameter upon the part radiographed, the penetraaieter may' be placed on the
irradiated surface of a block of metaL of the same base metal and approalately
the same density and thickness as the part or parts radiographed. This block
shall be placed upon a part of the film at the outer edge of the cone of radi-
ation.

C-3.-5.3 Number of Deetnawtera.- Exoept as specified below, the image of
at least one penetrameter shall appear on each radiographic negative submitted
to the inspector

C-3.5.3.1 §imul-taneoup e~ourse- When a number of films is exposed siunl-
taneously and all conditions of expo sure are the same for all film, only one
negative from the group shall be required to bear the image of a penetremeter.
This negative, which shall be taken from a location at the outer edge of the
cone of radiation, shall aocmpay the other negatives of the same group when
they are submitted to the inspector.

-4. SAMPLIN, INSPECTIC, AND TEST P OCEDUlE (Not Applicable)

C-5. PREPARATION FOR DELIVER (Not Applicable)
* 0-6.NOTES

0-6.1 Alemshes dengla.- Blemishes on radiographic negatives are defined
as marks, dscoloration, or abrasions that are not representative of varia-
tions in the opacity of the metal being radiographed. Some examples are
daisoolorations caused by chemical stains, scratches, and blackened areas
caused by light*leaks in the film pack.

0-6.2 Position. draw .- The radiographic position drawings are drawings
used for the purpose of designating the amount, locations, and frequency of
radiographic inxaadination.

0-6.3 Suealoser defined.- For purposes of qualification the supervisor
will be regarded as one or more ambers of the radiographic facility
designated by that facility as responsible for radiographic inspection.
C-6;4 Source CMULUM.- Supervisor qualification is intended to be

acomplished on all -ray machines up to and including the Betatron types
as well an all radioactive sources now known.

C-65 wll ggt" - For purposes of requalification a
direct replacement is defined as an X-ray machine of the same types
voltage and manufactures or in the case of an X-ray tube of the same tube
type and manufacturer or in the case of natural radioactive, or induced
radioactive isotope sources, a source of the same type and stegth.

A iJM-

- - -~-- .~*7~ ~~AttLI~BAU~outt



laL-A-U336B(Ord)
~w Appendix C

Sheet 6 of 7

.. *<SU~OEOF RADIATION
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FILM POICIN
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X-RAY PENETRAMETERS

ATTACH LEAD NUMBERS HERE A +EA R M
J- ' 'A & ,001"

METAL PENETRA- DIMENSIONS- INCHES
THICKNESS METER (USE NEAREST DRILL SIZE)
INCHES* NO. A B C 0

1/2 .50 .010 .06 .66 .06
I 1.0 .020 .08 .06 .08

I- 1/2 1.5 .030 .12 .09 .06

2 2.0 .040 .16 ,.12 .08
t4

7C
ATTACH LEAD NUMBERS M

+ -. qD.,I' +~

+ 2 C

TIICq ENSETERit- ~I
METAL PENETRATHICKNESS METER(UEHA )

INCHES 0 N O. A B C D

3 3.0 .060 .24 .18 .12
4 4.0 .080 .32 .24 .16

5 15.0 .100 .40 .30 .20

6 6.0 .120 .48 .36 .24
7 7.0 .140 .56 .42 .28

8 8,0 ,160 .64 .46 .32

WHENEVER THE METAL THICKNESS TO BE RADIOGRAPHED FALLS
BETWEEN TWO CONSECUTIVE THICKNESSES INDICATED, THE PENETRA-
METER TO BE USED SHALL BE THAT APPROPRIATE TO THE
GREATER THICKNESS. Figure C-2.

.PO 53.4914
-. . ,
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of the nited. States within the meaaning of the Zepionege eVgwo itle 18
U. Be 0o, Sections 793 end 794. no transmission or the revelstioaof Its
contents In any mnor to an vamthorlsed person Is prohibited by lsv.
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IRD1=U AR1MO-Pf]lO M X*L
PAWS ASIDWY

Umis specifiostion was eproved by the Depart-
mests of the Aimy, the 107,. and the-Air force
for use of procurement services of the ospoo-
tive Departments, and supersedes the following
spooltioatioa8

Arm 30-35-5
33 lebrmu27 190

Wei. specification onsists of this cover sheet and Rpeofioation
50-305 dated 83 1ebrueai 1950, attached hereto, vithcict modJifioioo

Won a r-equest for this gpeoitieation is received by a wqpplyLg
activity It ill be necessary to attach this o.er sheet to the pertinent

, epee1lfati4n bef' o lasue*

Copies of specificatias required by contractors in connection with
specific procurement facteion shouLd be obtained frm the prouring agency
or as directed by the contrating officer
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Secudty Information
This document contains Information affecting the National defense of the

UnIted States within the meaning of the Espionage Laws,' Title 18, U.S.C., Sec-

tions 793 and 794. The transmission or the revelation of its contents in any

mnner to an unauthorised person Is prohibited by law.

50-33-5
*2! Feobreuary 1 0

U. 8, AMY SPOVIOATION

PROJECTILES, ARMOR-PI ERCING;
METAL - PAR13 ASSEPBLY

1. 80013 AND C ABSUICATION
1,1 This specification covers aruor-]piercIg (AP) shot with or rithout

vinshielis but without piercing cap, manufaeturel f: bar stock or forg-
Ingo In all sizes from 2 through 12.

2. APPLICAZ SPECIFICATIONS
2.1 The following specifications, of the issue in effect on date of in-

yj4 4ation for bids, form parts of this specification:

FEDERAL SP2C01ATION
* QQ-M-151 Metals: General Specification for Inp e tion of.

MILITAY. PSMOmCATION
JAN-o-490 CleanIng an Priearation of Foeroua Metal Surfaces for

Organic Protective Coatings.

U. S. AW4 SP CIFIOATION8
50-0-1 General Specfication for Aunition except Small Arm

502- DarnmitiItating DauM for Proj.eoti las
57.0- . Mro-etch Test and Standards for Steel Bss, Mll0ts,,

loons and Slabs
57-0-5 PAnstio-partiole Inspeotionj Process for Ferro Magnetic

Materials
100-2 Standard Specification for Marking Sbipments by Contractors.

(Copies of speciiocations should be obtained from the Vroouring aency or
a directed by that aenoy. Both the title and Identifying uamber or symbol

should be stipulated we requestinh copies.)

3. flQS U4ZaZS

3.1 General, The pojectiles shall met al requizments prescribed on
4a ns Min applicable specifications .

3.2 Mateials. Materials and parts shall be in acordance vith applisable
splftoat onsad drawings.

3.3 o'm~ a, g1 ~ ition, The oomposltion of the steel usedI n wojec-
tiles @b~i-%at theoptionl of the contractor, provided the projectle
mt the functioning requirsnts ad tests pWsocribed herein.

Securty Informagot
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3.4 Heat treatment. The heat treatment given the projectile bodies
shall be uniform for each heat of steel. All dootails concerning heat treat-
rment must be shown on the data card. (See 5.1.2 and t.6.)

3.5 Soundness. All projectile bodies shall be sound and free from in-
ternal strains, and other defects which would affect their armor pleroing
properties. Each projectile shall be free of Imperfections that are de-
tectable when inspected as prescribed in 4.6.

3.6 Cleaning before assembly. (Applies only to projectiles with wind-
shields). The projectile bodies and windshields shall be cleaned and free
of foreign material at the time of attaching the windshield to the shot
bodies.

3#7 Attachment of windshields. After heat treatment of the projectile
bodies, the windshields shall be flrmly and rigidly attached thereto In the
manner pneeorlbed on the applicable drawing and shall be concentric with
the pmejectile body within the limits prescribed on the drawing.. The assem-
bly shall be free of cracks and tears. (see 4.6.)

3.8 Band meatAlM. Prior to banding, the band seat shall be clean and
free foZm oil, grease, dirt, rust, and other foreign material. Shot or
sand blasting i' not permitted for cleaning the band seat after knurling.
The rough rotating band shall be in the form of a solid ring, annealed and
carefully pressed Into the band seat so an to completely fill it and fit
tightly. The band shall be applied cold after final heat treatment of the
projectile body.

3.9 Physical properties of gilding-metal rotating bands. Before assem-
bly to the projectile, rotating band blanks shall meet the requirements of
specification 50-27-1, Clans 2, annealed condition, and after assembly shall
meet a 1800 bend test. (See -.5.3.2.

3.10 Protection of rotating bands. The machined rotating bands shall be
carefull17 protected from being nioked, burred, or otherwise damged in sub-
sequent handling and shipping.

3.11 Pre tion for Dantins after assembly. All surfaces of projec-
tile parts shall be prepareid by ,ade I treatment, Specification JAN-C-O490,
except rotating band and rotating-band seat which ned not be so prepared.
Cleaned surfaces shall remain unoontaminated prior to painting. After appll-
cation of the paint prescribed on the drawing, the paint-phosphate system
shall be capable of withstanding a 72-hour salt spray test. (See 1.7.)

3.12 Coating. The exterior coating and the tracer cavity coating
specified on the drawing for the projectile shall be applied in such a man-
ner as to produce a tightly adherent coating of uniform thickness over the
entire specified areas. The projectiles shall be stencilled or marked as
prescribed on the drawing. All paint and marking shall be dry to the touch
before the projectiles are packed for shipeent.

3.13 Ballistic verformance.
3.13.1 Armor plate DEormance. The projectiles shall be capable of

penetrating armor plate or the type and thioness and under the eonditionq
specified In 14.8J.4.

3.13.2 Security of cMponent attachmint. The projectiles shall with-
stand firing in a warn but ervioeable gun without the loss of the wind-
shield or rotating bands.

Security Information
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3.14 Pilot lot. The oontraotor shall produoe and submit to the con-
tracting oftoor representative designated by him, a pilot lot of the
size specified in Table I for metallurgical, ballistio and other tests to
determine the satisfactoriness of his materials and methods. Any produa-
tion under the contraot prior to the approval of the pilot lot will be at
the risk of the oontraotor.

4. SMPL , INSPECTION AND TEST PROGMMU
4.1 netion. generl,. Inspection shall be as presoribed in speo-~~~~ifioatio=5 O-O-i and @M11

4.2 Lots.
4.2.l Size of lots. The aisc of regular loets shall be limited in ao-

oordene with Table I. The first production lot mnnufaotwed on any can-
treat shall not exceed that speolfiod In Table I except were a new con-
tret immediately follow the manufaoture of satisfaotozy projectiles of
the same oaliber under this specification.. To avoid many small lots, pro-
jeotiles left over from previously accepted lots shall be assembled into
mlcellaneous lots not exceeding 1i.ite shown irn Thble I. The Tumber of
misoellaneous lots shall be kept to a minimum.

TALE I

Caliber Pilot lot Prod. Reg. Prod. Miso. Lot
____ ot t Max# Lot Max. XMI .(K'n.)...

20= 100 1,000 20,000 2,000
37Mi 50 10,000 20,00 2,O00

50 1,000 20,000 2,000
75, 76W (3") 30 700 15,000 1,000
9(mm 25 500 10,000 1,000

120= 25 00 5,000 500

4.2.2 Msks-up of lots heats, cm1 oeition. In no one lot shall moe
than one omuesition of steel be usedL in the projectile body. Not nore
than six heats of steel shall be used in the projectile bodies In any one
lot except that in the mke-up of miscellaneous lota only the restriction
on composition shall apply.

4.3 aftne. All samples shall be selected by the Inspector as re-
quired by U provisions of each sepeate test and as outlined in Table II.

TAE II
CONSOLIDATID TAL OF SAMLE SIM

(See approprIate sampling and test paragraphs for method of smling, test,
and size of retest sale.)

. set M tf 40 7 hin 3-in. t
A. azGs 2" ~ 10CPA 100%

B. Rotating Band
1. Tightness (b) 1/1000/uachlno(a) 1/1000/machine 1/1000/mahine
2. Character of SeIating(b) 1/1000/machine 1/1000/machine l/1000]mchine
3. Bend Test (b) 1/4=00 1/4000 1/4000

C. Criaks 100% 100% 100%

Security Information
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TAXZ II (Cont'd.)

CONSOLIDATED TAE OF SAMPLE SIZES

Test 'ta tbrhu , ia 75,- thru 3-in 15= thSu lM
D. Plate Penetration Test

1. First Lots 10/lot 7/lot 5/lot
2. Reduoed Samples (a) 5/lot 4/lot 4/lot

E. Security Test
1. First Lots 5/lot 4/lot 3/lot
2. Reduoed Samples (a) 3/lot 2/lot 2/lot

F. Velocity Test
1. First lot 5/lot 5/lot 5/lot
2. Reduced Sample (a) (d) l/lot I/lot l/lot

NOTES:

(a) Tightness of band on 2 = projeotiles will be determined in a*-
cordanoe with 4.5.2. (Soo 6.2.1.)

(b) Samples for those tests may be combined,
(a) Applies after 10 consecutive lots have paused this test without

resort to retest.
(d) Samples from five saccessive lots may be held by the manufacturer

and shipped to the proving ground together.

4 4 ardness test.
44..1 Instrti~ t used. Hardness test shall be made with any of the

hardness testing instruments mentioned in spocifloation QQ-M-151, except
Brinell; or any other device approved by the chief of the supply service
involved.

4.4.2 Loation. On projectiles that have a body diameter les than
the bourrelet Tiater, at least one teat shall be made on the body ap-
proximately .25" to the rear of the bourrelet, except that 20m and 40m
projectiles shall be tested approximately .15 inches to the rear of the
windshield seating shoulder. Projectiles on which the full bourrelet
diameter extends from og1ve to rotating band shall be tested for hardness
at a point approximately 1/2" to the rear of the ogive-bourrelet inter-
setions

4.5 Rotating band tests.
4.5,1 Measurement of tightness. (Does not apply to 20m), The bend

shall be removed from the prescribed sample of projectiles for examination
of seating, except when production is less than 1,000 per working shift,
in which case one projectile from each banding machine from each shift
shall be tested for seating. Prior to removal, the diaeter of the fin-

ished band shall be measured on three diameters, 600 apart, and on at
least two points along the length of the cylindrical portion, near the
front and. near the rear (a minimum of six diametral measurements). These
points of measurement shall be marked on the bands as well as the orienta-
tion of the band on the projectile. After removal, the thickness of the
band shall be measured at each of the marked points, (12 measurements),
and the diameter of the band seat shall be measured opposite those points.

14 RESTRICTED
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The diameters of the band seat at each point shall be added to the correspon-
ding exterior diameter of the band previously determined. The result wil
Indicate total diamtral clearance between the band and Its meat. If %he
band Is well seated, a negative clearance or interference my be Lndisated
on saw of the measurements or even on the average of all measuremnts. When
wavy band-seat ribs or irregular band profile interferes with ease of measure-
sent, the manufacturer Is authorized to machine the outside of the band In
order to obtain an adequately cylindrical surface. The diameter of the machined
band shall exceed the bourrelet diimter.

4.3.1.1 Measure ent of tightnss retest. In came the Indicated clearance
thus determined is greater than .006 inch on any one dimter, either front or
roar the band shall be removed from 10 additional shot from the woup repre-
sented., If a clearance greater than .006 inch on say one diamter Is di-
oated on any one of these additional projectiles, the entire group represented
shall be rejected subject to rebanding and retest.

1.5.2 Charater of seating. Bands shall be removed from the prescribed
sample of projeotiles for examination of character of seating. (See 6.2.2.)

4i.5.3 Pbyh a tet Mflin-motal rotating banda.
, .5.3.2 Bond test. The prescribed sample of bands shall be removed from

the projeotile end bent cold by pressure, without hamering in the direction
of the ourvature of the band, until It tightly encloses 10 of a rod equal
to the thickness of the specimen.

4.5.3.2 Bnd retest. Double the nimber of samples shall be used for the
retest and if failure occurs in the retest, the projectiles represented by
the sample shall be rebanded and resubmitted for test.

4.6 Testing for oracks. In magnetic testing an electric current equal to
that pirbed In Table II shall be used. Procedure shall be followed as
proscribed in specification 57-0-5. All projectiles shall be demagnetized
after the magnetic test. Projeotile bodies oontaining definite Indications of
cracks as defined belay shall be rejected. Imperfections coming under the fol-
loving definitions will be considered indications of objectionable cracks:

a. Any cracks or Indications of imperfeotions whatsoever, which run
other than parallel to the axis; or

b. Aiq orapkm or indications of imperfeotions running parallel with
the axis which appear in the band seat, crimping groove, or windshield seating
surface, or extend into the ogive.
Projectiles containing Indications not defined above will be considered accep-
table. The acceptability of border-line material shall be detemined by cm-
parison with samples furnished and/or approved by the chief of the supply ser-
vice involved.

TAKE III
Magnetistn Current Required

Caliber Bod.es$1We (se s)
37u &I~~i300-600037Y&4 ) 8oo-l oo

75mn, 76= (3") 800-1200
90Mu 1000-1500
2M 1200-1700

5

Security Information a



IRET1~
50-33-5 Security Information

4.7 Salt-spra resistance. After completion of painting as prescribed
on the drawlng, a representative sample of the assembled projetiles shall
be subjected to a salt-spriy test as prescribed in *spcification Qq-M-151.
After 72 hours in the salt spray the shell surfaoes shall not show evidence
of rusting to amntent greater than that shown by Plate No, 9 Type 1, of
ASTM Photographic Reference Standards for Ivaluatin Degre of Resistance
to Rustting Obtained with Paint on Iron or Steel Surfaces, ASi Designation
D610-41T..8Provin-ground tests*

4.6.1 teslete Lnotlon st .sgZlos. The prescribed sample shall
be selected after heat tratnt of each lot anL each projectile of the sm-
plo tested for hardems. After haftnese dotermination has been mades, the
projectiles shall be assembled with rotating baxs (aM windshields when
applicable) by the production method employed by the contractor. The sample
shall include an1 heats of steel in projectile bodies in the lot insofar as
allowable by the ample aile and the heat identification shall be plainly
distinguishable. The sample shall also represent the hardness rwng within
the lot insofar as consistent with full hot representation and the hardness
of each shall be recorded on the data cards. The number of samples shall be
in accordance with Table II. The assembled projectiles shall be packed and
shipped to the proving ground, marked "For Plate Test." (Soo 4.8,4.)

?.8.2 Security test mlo. Samples for the security test shall be
assembled by the production method used by the contractor, packed and shipped
to the proving ground marked "For Security Test." The ample lie shall be
that specified in Table II. (See .8.5.)

.8.3 Velocit test M les. For velocity tests, the Inspector shall
select the prescribed sample o equal parts of a regular lot or at reaom
from a miscellaneous lot. The sample projectiles shall be forwarded by the
contractor to the proving gound mrked "For Velocity Test." (See 3.8.6.)

4.8.4 Armor- late Onetration test. The projectiles submitted for plate
penetration tests shall be fired fR a Sun for which the projectile is
standard a not armor plate of accepted quality placed approzimately 300
feet from th eS. Type of plate, thickness and obliquity shall be as speci-
fied In Table IM. The striking velocity of the projectiles shall be 10% ; 25
f/s in excess of the ballistic limit of the plate. The lot shall be consild-
ered to have satisfactorily passed the armor plate penetration test if the
number of projectiles specified in the appropriate line of Table IV completely
penetrate the plate. Firing shall be discontinued when the required number
of complete (or incomplete) penetrations have occurred. An Impact which
occurs under the following conditions will be disregarded and another projec-
tile fired in Its, stead:

a. Any projectile which bounces off face of plate and remains intact;
b. Any projectile which fails to completely penetrate the plate but

remains intact in the plate;
o. Any project .le which strikes in the spalled area of a previous

Impact;
d. Any projectile which strikes within one caliber of the nearest edge

of a previous Impact. The measurement shall be in terms of the caliber of
the larger hole.

e. Any projectile vhioh strikes within two calibers of the edge of the
plate. f. Any projectile which fails to completely penetrate at lees than the
prescribed velocity. One which does satisfactorily penetrate the plate at

Security information
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less than the prescribed velocity shall however be counted.
NOTM8: The ballistic limit of an armor plate is defined as the mean of

the velocities of one partial and one complete penetration which velocities
differ by not more than 50 f/s. The yelocity of the partial penetration munt
be loe than the complete. This value is obtained using projectiles
of accepted quality of the sao caliber and model as the samples being tested.
When possibles the calibration area for obtaining the ballistic limit will be
the thickest portion of the plate.

A sap2les Rntrotion is obtained if the projectile, or a major portion
thereof, pases tbegli the plate. The proof officer's decision shall be final
as to whether a major portion of the projectile has passed through the plate.

TABLI IV
Armor Plate Discontinuance of Test

Caliber Thickness Obliquity Class After thsuccessful
(size) Successful Impact Impagt

First Reduced First Reduced
Lots Bano 1ts §Mlo

20= 3/4" 200 Face hard.
37m 1 200 Homo. 8 h 3 2
40m 200 Homo. 8 4 3 2

75M Some. 6 3 2 276M (3") 550 Homo. 6 3 2 2
9', 31 550 Homo. 4 3 2 2

12M 4 550 Homo. 4 3 2 2

4.8.4.1 Armor plato menetration retest. If the contractor so requests, a
lot, the samples which fail to mot the standards of paragraph 4.8.4, may be
submitted once for retest without reprocessing, In which case the ample size
shall be twice that shown in the appropriate line of Table II and shall include
all projectiles not fired in the original plate penetration test. These pro-
jectiles shall be the first fired in the retest. If in the retest, failures
occur in excess of the number allowed in the original test, the lot shall be
rejected. Rejected lots may be reprocessed (see 4.8.4.2),in which evenit they
shall in all respects be tested as new lots. A lot of projectiles may be
reprocessed twice and after each reprocessing, submitted once to the proving
ground for test.

4.8.4.2 Reprocessino Within this specification the term "reprocessing"
shall mean re-strosse-ileving, r@ehea-treatm@ent, eta. Reprocesed lots shell
be assigned a suffix "A" or s, etc,, after the lot number according to the
number of times the lot is reprocessed,

4.8.5 Security test, windshield. and rOtatlng band. The test samples so-
loctd In accordance with 4.6.2 shal be assembled into complete round. with
sufficient propellant to give 112% of the rated maximum pressure of the gun
and fired through ohipboard smrens at suitable distance from the gun. The
gin used shall be in the last quarter of its serie life. There shall be no
observable loss of windshield or rotating band.

1.8.5.1 Securit retest. Failure of only one sample in the security test
shall permit the retest of a triple number of samples from the lot. The failure
Of two or more projectiles in the original test or any projeotiles in retest
shall require robanding or re-assembly of windshields, depending on the component
whioh failed, of all projectiles in the lot.

Security Information

• ; , . :r l , t - .
.
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50-33-5 Security Information
4.8.6 Velocity tests. Proving-ground tests for velocity and dispersion

are not acceptance tests, but the results will be scrutinized carefully by
the Ordnance Department to determine quality of the amunition produced.
Failure in any phase of the proving-ground teats will result in re-Inspeo-
tion of the lot by the Ordnance Department. The projectiles representing
each lot and marked "For Velocity Test" shall be fired for comparison witha group of five projectiles from a reference lot of accepted projectileswhich has been selected for the purpose, utilizing the service charge.
Velocities will be measured on all rounds. Velocities of the test lots
will be compared with results of the concurrently fired reference group to
indicate whether re-inspection of the test lot is necessary. Not more
then five different lots of the test projectiles marked "For Velocity Tet"
shall be fired for comparison with one group of five test projectiles ofthe reference lot. Projectiles from each of the test lots shall be fired

* in rotation, that is, one reference projectile shall be followed successive-ly by one projectile from each of the lots under test, continuing until
the series is completed.

4.8.6.1 Dispersion tet (2Omm projectiles only). The dispersion of20mm projectiles will be measured during the velocity teat. This will be
accomplished by firing the velocity test samples against a chipboard screen,
placed approximately 300 feet from the muzzle of the gun. Dispersion of
test rounds will be compared with that of the reference group.

5. PREPARATION FOR DELIVERY
5.1 P
5.1.1 Container. The projectiles shall be packed in a oommecial-type

container so constructed as to insure acceptance by 6ommon or other carrier,
for safe transportation, at the lowest rate, to the point of delivery. Each
projectile shall be protected by means of suitable partitions from coming into
contact with another projectile. The packing container shall be sufficiently
rigid to permit storing in tiers at least 10 feet high without damge to
either the containers or contents. The gross weight of any container shall
not exceed 200 lbs. except when pallets are used. The lot numbers of con-
tents shall be marked on each container.

5.1.2 Data cards. The data cards, ; x 8 inches, made of commercial manila
tagboard approximately 200 lbs. ream weight, shall be prepared for each lot of
accepted projectiles to provide the information specified below. Quantities
(approximately 50 cards per lot) and distribution of date cards shall be in
accordance with instructions issued by Office, Chief of Ordnance. (See 6.7.)

DATA CARD
Kind A unition Lot No.

Quantity in Lot
Drawing No.* Spa. No.*
Body pcmk. Windshield Pcmk.
Manufactured by_ Date
Contract No.
Packed in a box boxes
Remarks
*State revisions and amendments, Certified to by , Inspector

(Print here name of inspector, district, arsenal,
or loading plant, and sub-district where
applicable.)

8 RESTRICTED
Security Information -
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5.2 tarIM. The marking for shippnt ahull be in acoordance vith spec-
ification 100-2.

6. NOTES
6.1 Xntended use. Projectiles manufactured aoarding to thia spelifioa-

tion a" intended for use against armored combat vehicles and armored aircraft.
6.2 Seating of band. The necessity for firmly seating the rotating band

so that It i in contact with the projectile at all points cannot be over-
emphaeited. Air Saps of even a few thousandths of an inch result in differ-
once. in starting resistance when the band enters the rifling. This causes
variations in the burning characteristics of the powder which in turn effects

, the muzzle velocity and finally the acuracy. Bands vuat be fully and uniform-
ly applied in order to obtain satisfactory results.

6.2.1 It Is impractical to inspect 20= rotating bands for tightness in o-
oordanoe ith 4.5.1 and b.5.1.l. lands of 20i projectiles vhich pass inspec-
tion for character of seating of 4.5.2 will be presumed to have met tightness
requirments.

6.2.2 Completely filled corners of the band seat, complete impression of
knurling and machine marks which have been tranepoead to bottom of band from
band seat are indications of proper seating.

6.3 Waiting for ballistic results. The manufacturer umy valt until results
of ballistic tests are known before proceeding with banding and assembling
windshields to projectile bodies.

6.4 This specification replaces Ordnance Department Tentative Speclfioa-
tions AX-667, AXB-668, AXS-687, and A-1203.

6.5 Armor plate. For proving ground tests, the armor Ised viii be wrought
armor acceptable under specifications 57-115-11 and 57-115-18 or JAN-A-784,
vhichever Is applicable.

6.6 Recomended heat treatment. Pet experience has indicated that best
results are obtained if differental hardness patterns in projectile bodies
a"e doveloped by heat treatment cycles hich consist of uniformly hardening
the enlM projectile body followed by differential tempering to obtain the
desired hardness pattern. A suitable hardness pattern has been found to be
one in which the hardness In (a) not lees then lo6O at or near the center of
the transverse p lTane vhioh passes through the intersection of ogive and
bourrelet, and (b) in the range of 10147 through R053 at or near the center of the
transverse plane just forvard of the rotating-band mseat. The hardness pattern
is best examined by sectioning the projectile on an axial plane.

6.7 Mandatry clause* The use of thIe specification, whenever applicable,
is mandatoz on all procuring agencies of the Army.

CUSTODZANI
Army - Ordnance Department

Proofread RAW/iut

Secudty Information .POc 3 34127
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I L. S-13763 (Ord)
8 November 1954
SUPESDIN
50-33-2A
22 December 1949
PA-PD-591
21 September 1954

MILITAI SPZCIICATION

SHOT, ARMOR-PIERCING, HYPER-VELOCITY;
WITH TUNGSTEN-CARBIDE CORES;

METAL - PARTS ASSEMBLY

1. BOOP31
1.1 This specification covers hyper-velocity armor-piercing (HAP) shot,

the cores of which are made from tungsten carbide and the carriers of which
are made from steel, or aluminum. (See 6.1.)

2. APPLICAE1Z DOCUMENTS
2.1 'The following specifications, together with the Ordnance Corps

Drawing and Standard Inspection Procedure pertaining to the shot under con-
tract, and. all drawings and specifications referencd. thereon, of the issue
in effect on date of invitation for bids, form a part of this specification:

SPECIFICATIONS

~FfDEEAL
QQ-M-151 Metals; General Specification For Inspection of

MILTA1M
MIL-G-2550 General Specification for Amition Except

Swall-arus Aummition
MIL-P-10025 Packing and. Marking for Domestic Shipnent of

Inert Annition Components; General Specifications for
MIL-R-11073 Rotating Band Blanks, Sintered Iran
MIL-B-20292 Blanks, Rotating for Projectiles

(Copies of specifications, standards, drawings, and publications re-
quired by contractors in connection with specific procurement functions
should be obtained from the procuring agency or as directed by the contract-
ing officer.)

, A -.
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3. MEUnIGIRTS
3.1 Materials. -4aterials and parts shall be in accordance with appli-

cable drawings and specifications.
3.2 Ooponents.-The metAi parts shall comply with all requirements

specified on the applicable drawing and all drawings referenced thereon, and
with all requirements specified in applicable specifications.

3.3 Cores.-Cores sh31 be manufactured by a comrolally acceptable
process, and shall comply with all dimension and weight requirements speci-
fled 6n the applicable drawing.

3.14 Assembly of oponets-
3.4.1 Body parts.-The bourrelet ring shall be attached to the body

by either a press or a shrink fit.
3.4.2 Support of cores.-Core shall be rigidly supported within the

metal-parts assembly as shown on the drawing with no movement evident after
painting,

3.5 Banding (aplicable onl to shot havina separate rotatins bands).-
3.5.1 Band teat.-Prior to banding, the band seats shall be olean and

free from oil, ease, dirt, rust, and other foreign material.
3.5.2 ate na band (gild metal).-
3.5.2.1 Blanks.-Tbe rotating-band blank shall be in the form of a

solid ring, annealed if neoessar7 to comply with the requirements of Speci-
fication MIL-B-20292, except that in the case of hot banding at not less
than 8000 F, no prior annealing shall be necessary.

3.5.2.2 Distortion.-The band shall be applied after final heat treat-
ment of the shot body. It shall be applied in such a manner so as not to
distort the walls of the shot. Distortion shall not be considered to have
taken place if the band seat, and the shot body immediately adjacent to the
band are within drawing tolerances speoified.

3.5.2.3 Application.-The bands my be applied either hot or cold, but
if applied hot, the contractor shall perform the banding operation in a
manner that will hold the scale remaining between the band and the seat to a
minimum.

3.5.2.4 _eati.-The bands shall not be heated above 1,600OF to pre-
pare them for application to the shot. The bands shall be heated uniformly
tbrougbout and in a manner that will prevent undue oxidation (loose scale).

3.5.2.5 Band seati (aplictable to destructive test o ,,-After
seating the rotating band the clearance between the band and band seat
shall not exceed .006 inch when tested as specified in 4.6.1

3.5.2.6 Band seating (applioable to non-doestructive test on!T).-The
rotating bnd shall comply with the requirements speoified in Table I when
tested as specified in 4.6,2.

TABLE I

INDENTOR RAM AVERAGE
IDEITOR FACE PRESSURE INDICATED

SHELL SIZE ADIUS IN POUNDS DIAMETRAL
CALIBER MODEL IN~ INCHES IN INCHES (APPROX) CLEARIIIE

76M4 T6633 .3125 x .3125 3..55 9,000 .010

2
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3.5.2.7 Phyuigal proverties of rotatins bands. -The material for the
rotating bands shall have the following physical properties 'when testd&
as specified in 4.6.3.

Tensile Strength psi miiu -------- 3,0
Percent Elongation Min. in 1 inch ------------ 15

3.5.3 Rotati beand (aintered imol.-
3.,3.1 Band t~ighss. -The rotating band shall respond 'with a

metallic ringing sound when tested for tightneas as specified in 4.7.1.
3.53 l ~ z~mbhaa. -7he Rookwell I reading shall not exceed

100 when tested as specified, i 4.7.2.
3.5.3.3 Rotating biads. -The band blanks shall be carefully pressed In-

to band seat ub as to have no gap betweeni bottom of band seat and rotating
band and so as to make contact with the side, walls of the rotating-band
seat for minimum distance of 1/2 of th, band-seat depth when tested as speci-
fied In 4.7.3.

3.5.3.4 Blanks. -The rotating-band blanks shall be In strict compliance
'with Specification MIL-R-11l0733.'

3.5.4 Protection of rottim and. -The machined rotating bands shall
not be nicked, burred,, or otherwise damaged an& shall be protected from such

'I damage, during subsequent handling and storage.
36 Pilot-lot reguiroesnts. -
.3.6.1 The contractor shall. produce and submit a pilot-lot sample of a learnt

40 metal-parts assemblies to tbe Contracting Officer or representative designated
by him, for maeallurgical, ballistic, #4, otber tests in order to determine the
eatiafactoriness of his methods and materials. The pilot lot shall be given 100
percent inspection by gaging and other non-destructive tests. Of this lot, 38 metal
part. assemblies shall, be assembled by the contractor into complete shot, and for-
warded to the Proving Ground for ballistic tests. The remaining 2 metal parts
assemblies shall be retained at the inspection arsenal for destructive metallurgical
examination as deemed necessary. Production continued under the contract, prior to
the approval of the pilot lot, sall be at the risk of the contractor.

3.6.2 Ballistic requirements. -(pilot-lot)
3.6.2.1 Plate penetration. -The Protection Ballistic Limit, BL(P), of the

pilot-lot samples shall not exceed the BL(P) of the reference lot smples
by more than 100 f/s 'when tested as specified in 4.8.1.

3.6.2.2 Secuity.-There shall be no loss, or breakup, of any shot com-
ponent either in the gun bore or in fl.ight 'when tested as specified in
49 8 .2.

3.7 Ballistic requirement (production lot).-
3.7.1 . lt pnntration,-The BL(P) of the production lot samples shall

not exceed teB()of the reference lot samples by more than 100 f/s whenx
teoted as specified in 4.9.1.

3.7.2 Socrl.-There shall be no loss, or breakup, of any shot com-
ponent either intheW gm~ bore or In flight when tested as specified in 4.9. 2.

3
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3.8 Cleanliness.-All parts shall be free of chips, dirt, grease, rust,
and other foreign material.

3.8.1 Cleaing before assembly.-The surfaces of all shot parts shall
be clan and free of foreign material at the time of assembly. The clean-
in8 method used shall not be injurious to any of the parts nor shall the
parts be contaminated by the cleaning agents used.

3.9 Workmash1.-The workmanship shall be of such quality that all
parts shall be acceptable under visual inspection and shall meet all dimen-
sional and physical properties prescribed.

4. QUALITY ASSURANCE PROVISIONS
4.1 Lot.-A lot shall consist of all assemblies manufactured by one

manufacturer under one contract, in one unchanged process in accordance
with the same drawing, same drawing revision, same specification, and same
specification revision. Each lot shall contain cores made by one manufac-
turer, in accordance with one unchanged process and consisting of tungsten-
carbide powdered-metal mixture from batches made in accordance with one
unchanged process and binder of not more than one type (i.e. cobalt, or a
nickel-cobalt mixture, etc.).

4.2 Ssmpling.-Number of samples, acceptance, and rejection criteris used for
determination of lot acceptance for tests specified iu 4.4, 4.5, 4.6 and 4.7 shall
be in accordance with the applicable Standard Inspection Procedure. Samples for
proving ground tests specified in 4.8 and 4.9 shall be selected by the inspector in
accordance with Table I.

TABLE II

Proving-ground Samples

A. Plate Penetration
I. Pilot lot a 18
2. Production lot 9

B. Security
1. Pilot lot 10
2. Production lot 5

C. Velocity-Accuracy
1. Pilot lot 10
2. Production lot 2b

NOTES:
aThe manufacturer may wait until the results of the armor plate penetra-

tion test are available before proceeding with banding and assembly of the
complete lot. Assembly of the lot shall be completed prior to selection
and submission of the balance of proving-ground samples.

bTwo sample shot from each production lot shall be retained by the manu-

facturer until 10 samples have been accumulated. These samples shall then
be shipped to the proving ground for test.

%NOO
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4.3 Ins~ection.-0.neral inspection shall be as specified in Speol-
fication MIL-0-2 50 and QQ-M-151. (When applicable)

4.4 Integal rotating-band hardness test.-Sample eot shall be
selected, an& subjected to a hardness teat using a Rockwell or similar
type of hardness-testing machine to determine that the rotating-bend
hardness does not exceed the requiremnt specified on the drawing.

4.5 Core tests.-
4:.5.1 Br zess.-Maoh core shall be tested on the'baeo or on the

cylindrical portion approximately at the center, to determine oompliaznce
with the hardness requirement specified on the drawing for the core. A
spot may be ground on the cylindrical portion not to exceed .010 inch deep,
The hardness of cores shall be shown on the date card, by listing the
quantity of cores in each range of not more than two points, Rookwell "A".

4.5.2 &nd.-Eaob core shall be tested for gross flaws by being sub-
30 t ed to a bending loa in the manner specified on the applicable drawing.
In the case of minor superficial flaws, the core shall be positioned with
the flaw in tension during the application of load. After completion of
the bend test each core shall pass freely through a tube of the dimensions
specified. on the drawing.

4.5.3 Chemical.-A certified. chemical analysls of the blended powder
produced shall be furnished on the data card by the contractor (gee 6.2).

4.6 Rotating-band, tost (gildleg metal).

4.6.1 Destructive method of inspecting rotating-bind tightness of shot other
than those listed in Table I,-The rotating bond of the amle shot shall be tested
as folloos: Prior to removal, the diameter of the finished bond shall be measured
on three diameters 600 apart' and on two points along the cylindrical portion of
its length (near the front and near the rear edge). Thin oomprises six diametral
measurements. These points of measurement shall be marked on the bands as well as
the orientation of the bond on the shot. The band shall be carefully removed so
as to keep deformation to a minimum. After removal, the thickness of the band shall
be measured at each of the marked points (a total of twelve measurements) and the
diameter of the band seat corresponding to these points shall be also be measured.
To each of the diameters of the band seat the sum of the corresponding two thick-
nesses of the band shall be added and the result subtracted from the corresponding
exterior diameter of the band previously determined. The result shall indicate the
total diametral clearance between the band and its seat to determine compliance
with 3.5.2.5. If the band is well seated, a negative clearance or interference
may be indicated on some of the measurements or even on the average of all meas-
urements. When irregular band profile interfere with ease of measurement, the menu.
facturer shall be authorized to machine the outside of the band in order to obtain
an adequate cylindrical surface. Tbh diameter of the machined band shall exceed
the bourrelet diameter.
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4.6.2 Non-destructive method of inspecting rotaing-bond tightnese.-The
rotating bend of the sample shot shall be tested In an approved machine consisting
of a hydraulic press having one movable ram capable of exerting a total ram pressure
of 12,000 pounds minimum. Two indentors (or anvils) of rectangular cross section,
each having a face ridius to match the band diameter (see Table I) shall be provid-d,
one on a fixed adjustable post and one on the movable ram of.the press but both on
a common center line. The press shall be fitted with indicators to show the pres-
sure on ram and the motion of the ram. The band seating shall be inspected by press-
ing the band between the indentors in two planes (normal to the longitudinal axis
of the shot) approximately 900 apart and measuring the travel of the indentors due
to the application of pressure. Care shall be exercised so as not to take readings
until after full pressure has been applied and the motion of the ram ceased as
shown by the dial indicator. Information regarding the types of approved machine
and their specific operating instructions may be obtained from the procuring agency.
The pressure used (see Table I) shall be great enough to seat the band under the
indentors, but not so great that permanent deformation of the shot occurs. The
difference in the measured diameter of the rotating band before and after the appli-
cation of pressure represents the sum of the clearance under the band in that plane.
The readings in the two planes shall not exceed the voilue shown in Table I. The
impression left by the indentora shall not be cause for rejection of the shot. The
non-destructive test shall be performed after the O.D. band inspection; the sligbL
increase in O.D. over thp maxirum ohall not be cause for rejection. The degree of
rotating-band tightness shall be read to determine compliance mt.23.5.2. 6 .

, .6,3 Pbiaioal-proporty teats of rotatig bands.-A sample of un-
machined bands, from whioh a light surface out (.02 mximum) bes been taken,
shall be removed to provide specimens to be subjected to each of the teats
specified in 3.5.2.7. The bands shall be carefully removed from the shot
and carefully flattowd. without hamering. Each teat specimen shall be cut
along the direction of the flattened length and prepared in such manner as
to hold to the minmum any additional cold working. Samples shall be selected
and tested in accordance with Specification QQ-M-151 for determination of
percent elongtion and tensile strength. Iqaddition, test specimens for
elongation and tensile strength shall be maqnned to the form and dimensions
specified in Specification MIL-B-20292; for tensile properties of bands
less than .5 inch in width a specimen machined to the maximum rectangular
cross-section that can be obtained from an unmsohined band shall be used.

I4.7 Rotating-band teat (sntered iron),
4.7.1 Non-destructive method of InsreotikS rotatig-band tightness.-

The rotating band of the sample shot shall be subjected to a sonic teat.
A ba mer of copper, bronze, or soft iron shall be caused to give a light
clean blow on the soft surface of the band to determine compliance with
3.5.3.1.

4.7.2 Rockwell hardness.-Rockvel "E" readings shall be taken on at least
three points around the circumference of the band in accordance with Speci-
fication QQ-M-151 to determine compliance with 3.5.3.2.

4.7.3 Destructive method of inspeotIM rotatin-band tightness.-The
rotating band sample shot selected shall be tested as follows: Carefully
cross-section the shot with a wet abrasion out-off wheel so as to produce
four segments of 900 each. Visual examination of the 16 pieces shall then
be conducted to determine compliance with 3.5.3.3.

6
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4.8 Provina-aound test (pilot-lot).-
4.8.1 Plate pentration.-PrIor to firing pilot-lot penetration samples,

the BL(P) of a reserve reference lot of the s= caliber and model an the
pilot lot, shall be daetermined. The BL(P) is defined as the mean of six
velocities, to Include three complete and three partial penetrations, the
velocity spread of which shall not exceed 100 feet per second. Following
determination of the BL(P) of the reference lot, the BL(P) of the pilot
lot shall bedeterined as indicated above, utilizing samples selected in
accordance with Table II of 4.2. All samples shall be fired from a gun
for which the shot Is standard., against homogen ous armor plate, placed
approximately 300 feet from the muzzle of tbe gin. Thicnese and obliquity
of plate shall be as specified in Table III. A complete penetration
shall be considered to have occurred f a fragnt of the plate or core
is thrown beyond the rear of the plate with sufficient energy to pene-
trate a 0.020-inoh aluminum alloy (24 ST) sheet, or its equivalent, placed
parallel to, and one foot behind the plate. When in the proof-officer's
opinion, it, is possible to observe that these conditis are being complied
with, without the use of a sheet, as in testing against heavier plate, the
sheet my be omitted. An impact that occurs under the following conditions
shall be disregarded and another sample fired in li stead: (Cost of such
additional samples and testing will be borne by the Government.) (See 6.44

a. Any core that strikes within three core diamsters of the edan
of the plate.

b. Any core that strikes within two core diametes of a previous
impact or whose path of penetration intersects a previous hole.

o. Any shot that strikes in the spalled area of a previous Impact.

TABLE III

Cliber Thickness Armor Plate
(Size) (Incbe_) . _ . l.-

76-M
Pilot Lot 2" 600

ii411 300
Production Lot 2" 60o90-MM
Pilot Lot 3" 550

6" 30
Production Lot 3" 550

4.8.2 Security test.-The sample shot, selected in accordance with
Table II of ,2., sall be assembled into complete rounds using .propellant
of a weight calculated to give a pressure equal to the rated maximum pressure
of the shot in a new gun for the applicable combination of shot and gun.
Five rounds shall be fired hot (1259F), and five rounds shall be fired cold
(-4"F). The complete rounds of fixed amunition shall be held at the proper

7
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temperature for a period of not less than A hours, and shall be fired
within two minutes after removal from the conditioning chamber. The
shot shall be fired through paper soreens situated approximately 100
and 300 feet from the gun, into a target at approximately 1000 yards
range. A gun in the last quarter of its service life shall be used.
Observation shall be made for evidence of loas, or break-up of any
shot component either in the gun or in flight to determine compliance
with 3.6.2.2.

4.8.3 Velocity-acuracy test.-Te sample shot, selected in accordance
with Table I of 4.2, shall be fired from a gun, for which shot in standard.,
for comparison with a group of tenshot from a reference lot, utilizing
the service charge. The sample shot and reference shot shall be fired
alternately, and the velocity and aocuraoy measurement shall be obtained,
for information only, at approximately 100-yard range. Aocurao shall
be recorded In the firing record in terms of Probable Error (WU) hori-
zontal and vertical. Accuracy data is for informtion only and will not
be used to determine acceptance or rejection of the lot. (See 6.3).

4.8.4 Acceitance. -The pilot lot shall be considered acceptable pro-
vided the shot fired comply with the requirements of 3.6.2.1 and 3.6.2.2.

4.9 Proving-ground. test (production lou . (See 6.5.)
4.9.1 Plate penetration.-The BL(P) of a reference lot and the BL(P) of

the production lot shall be determined in the same manner as specified in,
4.8.1 except that produotion-lot samples shall be used.

4.9.2 §1LLiJy.-The sample shot, selected in accordance with Table II of
4.2, shall be fired in a gun for which standard, in the last quarter of its
service life, with a propellant adjusted to obtain 112 percent of the rated
maximu pressure in a new gun. The shot shall be fired through paper screens
placed 100 feet and 300 feet from the gun, into a target at approxiuatel
1000 yards range. Observation shall be made for evidence of loss, or break-
up, of any shot component either In the eln bore or in flight, to determine
compliance with 3.7.2.

4.9.3 Velooity-accuracy.-The procedure for tests shall be conducted
in the sae manner as specified in 4.8.3, except that production-lot samples
shall be used.

4.9.4 Acceptance.-The lot shall be considered acceptable provided the
shot fired complies with the requirements of 3.7.1 and 3.7.2. The lot shall
be considered eligible for retest under the provisions of 4.9.5 provided:

a. The SL(P) of the production lot is greater than 100 f/s of the
BL(P) of the reference lot or

b. not more than one shot shows a loss, or breakup, of its component
parts in the gun bore or in flight.
The shot shall be rejected if the limits for eligibility for retest are exceeded.

4.9.5 Rtest.-The retest shall be limited to the phase in whioh fall-
ures occur, i.e. plate penetration, .or security.

4.9.5.1 Plate yenetratio.4- retest as provided for in 4.9.4 my be made if
requested by th contractor b uai:g eighteen sample shot. The BL(P) shall
be determined twice, Indspenently. The lot shall be considered acceptable
on retest provided the BL(P) of each of the two groups is not greater than 100
f/s above the DL(P) of the reference lot.

8
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4.9.5.2 Security.-A retest as provided for in 4.9.4 may be made if
requested by the contractor by using double the number of samples. The
lot shall be considered acceptable on retest provided the shot fired com-
plies with the requirement of 3.7.2.

4.10 Reprocesaing.-In the event of failure attributable to cores,
the manufacturer may reprocess the cores in a lot by re-sintering, repressing,
or re-inspecting and submit the lot for retest. A lot of shot may be re-
processed not more than twice, and after each reprocessing submitted but once
to the proving ground for test.

5. PREPAMATION FOR DELIVFM
5.1 Packing, labeling, and marki g.-Packing, labeling, and marking shall

be as specified in Specification MIL-P-10025.
5.2 Data cards.-Data-card information shall be as specified in MIL-0-

2550. In addition the data cards shall contain on the reserve side the
following information:

1. Name of core manufacturer.
2. Name of carrier manufacturer.
3. Chemical composition of core. (See 6.2.)
4. Hardness of cores in range of two points Rockwell "A".
5. Method of core manufacture (hot-press, cold-press, or

specify other meann.)
6. Details of reprooessing, when applicable.
7. Category, in accordance with 4.2, when applicable.

6. NOTES
6.1 Ordering data.-Procurement documents should specify the title, number

Oan date of this specification.
6.2 Chemical composition.-While the chemical composition given on the

applicable drawing is advisory rather than mandatory, a complete analysis will
be included on the data card for informational purposes only. The composition
given on the drawing represents that with which past experience indicates
best results are obtainable.

6.3 Velocity - -uacy -- .re uirements.-Provin.-ground tests for velocity
and dispersion, are not acceptance tests. Firing of shot from each f the
test lots will be interspersed with one of a reference lot, continuing until
test is completed.

6.4 Replacemnt samples.-To cover the possibility of unfair impacts in
the armor-plate penetration test, the necessity of obtaining replacement samples,
and the consequent delay in obtaining ballistic test rasults, additional
samples for the plate penetration test may be shipped to the proving ground with
the original sample. Unused sample will be returned to the contractor, or
the contractor will be reimbursed for the cost of samples used to replace those
that impacted unfairl.

6.1 Defective oores.-Cores rejected for minor defects not affecting
dimensions or weight may be supplied for security and velocity tests of produc-
tion lots. Shot so assembled will be suitably marked.

9
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NOTICE:-This epecification, together with specifications and drawings
pertaining to It and bearing a Notice" of iular restriations, Is intended
for uae only In connection with procurement by the United States Govern-
ment; and shall not be reproduced either wholly or in part except when
authorized In connection with Government procurement, nor be usei for any
other purpose except when specifically authorized by the Chief of Ordnance.
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APPENDIX B

DEFINITIONS OF TERMS USED IN BALLISTIC TESTING OF ARMOR

NAVAL PROVING GRQUND

(Taken from Naval Proving Ground Report 10-46, Jun 1946)
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DEFINITIONS OF TERMS USED IN BALLISTIC TESTING OF ARMOR

NAVAL PROVINGq ROU

fsr ition-of Projectile after Impact

In the following are defined terms in general use at the Naval
Proving Ground for the description of the projectile condition after
impact against armor. The definitions are listed under four headings
according to whether the term applies to:

(a) The projectile as a whole;
(b) The nose of the projectile;
() The body of the projectilm;
(d) The base of the projectile,

1. Projectile Condition (as a whole)

(a) Effective .. A projectile is called effective when its
cavity is capable of holding water up to a pressure of 50 pounds per
square inch without leaking. In most cases visual inspection reveals
whether the projectile could pass this test. An effective projectile
is considered capable of being detonated high-order under service con-
ditions.

(b) Not effective - A projectile which is unable to meet
the above requirements is called not effective. It is believed that
such projectiles would not detonate with satisfactory fragmentRtion
characteristics after impact under service conditions.

(c) Undeformed - The projectile shows no bulging, cracks,
or breaks. Undeformed projectiles are expected to lose windshields,
caps, and rotating bands during impact. Synonymous terms are "excel-
lent" and "intact."

(d) Split - The projectile is split into two or more parts
along its longitudinal axis (Figure 15.B-1 A).

(e) Broken - The projectile is broken transversely across
its middle, between the forward bourrelet and the band score, into a
nose piece and a base piece (Figure 15.B-1 B).

(f) Shattered - Projectile broken into many small pieces
(Figure 15. B-1 C).
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Figure 15. S-1. Projectile conditi~.n

A - Split

B - Broken
C - Shattered
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(g)Not recovered - As the name implies, the projectile
could not be found.

2. Nose Condition

(a) Nose cracked off - The nose breaks off, usually nearly
perpendicular to the projectile axis, leaving a smooth regular sur-
face with no appearance of shearing or abrading. Cracking may occur
immediately after or hours after the impact (Figure 15.B-2 A).

(b) Nose shattered - The nose of the projectile is shattered,
leaving a rough, jagged pattern. The fractured surface has a crystal-
line appearance (Figure 15.B-2 B).

(c) Nose chewed off - The nose of the projectile is lost
during impact and has a rough, crumbled appenrance. This failu.re
(liffern from the "nose shattered" appearance in that the jagged edges
are rounded, as if fused (Figure 15.B-2 C).

(d) Nose sheared off - The nose of the projectile is sheared
off leaving a relatively smooth and regular surface of fracture, which
is usually inclined approximately at 450 with the axis of the projectile
(Figure 15,B=2 D).

(e) Nose cracked - Well developed cracks are evident on the
nose of the projectile (Figure 15.B-2 E).

(f) Nose flattened - The projectile is plastically deformed
to produce a flat area on the nose of the projectile (Figure 15.B-2 P).

(g) Nsuset - The nose is compressed, which results in an
over-all swelling of the nose (Figure 15.B-2 0).

(h) Nose bent - The tip of the nose is displaced relative to
the body. A synonym is "nose offset" (Figure 15.B-2 H).

3. Body Condition

(a) Body cracked - Well developed cracks appear on the body
of the projectile (Figure 15.B-3 A).

(b) Body upset - The body of the projectile is swelled.

(a) Body bent - The body of the projectile is bent (Figure
15.B-3 B).

(d) dented - A dent is produced in the body of the pro-
jectile (Figure 15.B-3 C).
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Figure 15.B-.2. Nose condition~

A - Nose cracked off - Nose crackedB - Nose shatteed F- Nose flattenedC - Nose chewed off G - Nose upsetD - Nose sheared off 11- Nose bent
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F.'5gure l' .1A. Body condition

iA - Body cracked C - Body d~ented

.B - Body bent D -Body oug~ed
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(e) Body Rouged - A deep gash is made in the side of theprojectile. As a rule, some of the material of the projectile is
removed (Figure 15.B-3 D).

4. Base Condition

(a) Base ring torn - Part of the base of the projectile ispulled off in penetrating the plate. This break often exposes thecavity or the base plug comes out, either of which renders the pro-
jectile ineffective (Figure 15.,B-4 A).

(b) Base slpped (pv flattened) - The base is flattened asthe result of a slap against the plate during a ricochet or againstthe side of the impact hole during complete penetration (Figure
15.B-4 B).

(c) se, ed The bAse Is scnrred lonp1LtudinnlTy. Asa rule, some of the material of the projectile is removed (Figure
15.B-4 C).

'4,
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A - lse ring torwn8- Base slappe.d
C - Base gouged
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